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1. Introduction 

Animal models have proved useful in the study of 
obesity and diabetes, and the genetically obese 
(ob/ob) mouse has been suggested as the counterpart 
of maturity onset diabetes in humans [ 11. 

The adult obese mouse is hyperglycaemic, hyper- 
insulinaemic and is grossly obese [2]. Ketosis is not 
present, and obese mice are resistant to the hypo- 
glycaemic effect of exogenous insulin [3]. When sub- 
jected to restricted food intake, obese mice show a 
reduction in blood glucose to the level observed in 
lean controls and a significant fall in plasma insulin 
levels [4], but remain obese (since the percentage of 

body weight accounted for by lipid is above that of 
lean controls, despite weight loss), indicating that 
hyperglycaemia and hyperinsulinaemia are secondary 
to the genetic lesion. 

insulinaemia, hyperglycaemia and insulin resistance 
are usually observed - the total profile in fact closely 
resembles that seen in the obese hyperglycaemic 
mouse. This contrasts with the lowered or non- 
existent insulin production in juvenile onset diabetes 
where ketosis is present if exogenous insulin is not 
supplied. 

2. Failure to adapt to cold stress 

The sequence of events regarding the development 
and manifestation of the obese-hyperglycaemic 
syndrome in the ob/ob mouse is not fully understood. 
Increased fat cell size occurs at a very early age [S] 
prior to an elevation in serum insulin levels. This 
appears to rule out the possibility that a pancreatic 
defect causes the obesity through a lipogenic effect 
of increased insulin secretion. Recent work indicates 
that in preweanling mice serum insulin levels are the 
same in obese mice and lean controls, but the obese 
mice have lower blood glucose levels [6]. After 
weaning, hyperglycaemia, hyperinsulinaemia and 
insulin resistance develop rapidly. 

A pointer for the understanding of the primary 
lesion in ob/ob mice may lie in another special fea- 
ture: their failure to survive cold exposure [8] due to 
their inability to increase their heat production [9]. 
This susceptibility to cold has been demonstrated in 
preweanling mice aged 17 days, before obvious signs 
of obesity appear at an age of about 4 weeks [lo]. 
Normal mice rendered obese by feeding a high fat 
diet have normal serum insulin and glucose levels 
[l l],, and it would be interesting to determine their 
susceptibility to cold. 

During short term cold exposure, serum fatty acids 
are the major source of heat production in normal 
mice [12]. Since short exposure to cold produces an 
elevation in serum fatty acids in obese mice similar to 
that obtained with normal mice, it is unlikely that 
fatty acid mobilisation is impaired in obese mice [ 121. 
It appears that the failure of obese mice to survive 
cold stress may be due to a defective utilization of 
mobilised fatty acids. 

However, the genetic lesion in obese mice is not Two tissues, brown adipose tissue and skeletal 
apparently associated with white adipose tissue since muscle have been implicated in supplying the 
the size of fat cells diminishes when adipose tissue is increased heat production required during cold stress 
transplanted from obese to lean mice, and increases [ 131. The role of brown adipose tissue in the adult 
when transplanted from lean to obese mice [7]. animal is a matter of dispute [ 131 and in view of the 

Where human maturity onset diabetes is associated rise in serum fatty acids on cold exposure it seems 
with obesity, ketosis is rarely present; hyper- likely that fatty acid oxidation in muscle during non- 
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shivering thermogenesis plays an important part in 

the regulation of heat production. Since fatty acids 
produced by lipolysis in brown adipose tissue are 
oxidized in situ [ 131, a rise in serum fatty acids 
would not be expected if this tissue has a major role 
in the increased heat production required during cold 
stress. It would seem likely, therefore, that the catab- 
olism of fatty acids by muscle is impaired in the 

ob/ob mouse. 

3. Hypothesis - an impairment in the utilization of 
fatty acids by muscle in obese mice 

Trayhurn and James [9] have measured the resting 
metabolic rates (RMR) of lean and obese mice at 
various temperatures. Below the thermoneutral tem- 
perature of 31°C, the RMR of both lean and obese 
mice increases with decreasing ambient temperature 
but is consistently about 20% higher in lean mice at 
any given temperature. This reduced capacity for heat 
production results in death on cold exposure due to a 
rapid fall in body temperature. The decrease in RMR 
coupled with a 20-25% increase in food intake 
explains the obesity at normal environmental tem- 
peratures. The increased food intake may be a res- 
ponse to the lowered body temperature of obese mice. 
However, this hyperphagia is insufficient in itself to 

account for their obesity [14]. Moreover, obese mice 
accumulate excess fat even when given a lower food 
intake than lean mice fed ad libitum [ 151. 

Non-shivering thermogenesis constitutes part of 
the RMR at all temperatures below thermoneutrality 
and the 20% reduction in RMR in obese mice may 
correspond to a reduced capacity for non-shivering 
thermogenesis due to impaired fatty acid oxidation 
in muscle. 

The lesion in obese mice could be due to any of 
the following: 
(i) Fatty acids are not taken up by muscle cells. 

(ii) Fatty acids are not transported across the mito- 
chondrial membrane. 

(iii) An enzyme of the /3-oxidation sequence for fatty 
acid oxidation is missing. 

(iv) A futile cycle catalysing rapid ATP utilisation 
(in effect a thermogenic ATPase stimulating fatty 
acid oxidation in muscle) is missing. 

(v) Oxidative phosphorylation cannot be uncoupled 
from respiration with fatty acid substrates. 

(vi) A failure of catecholamines to affect thermo- 

genesis from fatty acids. Although catecholamines 
stimulate lipolysis in obese mice, in normal m&e 
they may also stimulate thermogenesis by acting 
more directly at some as yet undetermined site. 
A lesion at this point of action in the obese 
mouse is also a possibility. 

The turnover of triglycerides in adipose tissue of 
obese mice is increased compared with lean controls 
[ 16,171, and at first sight this appears to be entirely 
inconsistent with their obesity. However, a high rate 
of fat turnover may represent an unsuccessful attempt 
to generate heat and raise RMR through ATP utilisa- 
tion during the breakdown and resynthesis of tri- 
glyceride; it may indicate a reuse of mobilised fatty 

acids which cannot be metabolised by other tissues 
such as muscle. Moreover, there is a net synthesis of 
triglyceride. 

4. Blood sugar and insulin levels 

In connexion with the hypothesis outlined above, 
it is interesting to note that the insulin-stimulated 
uptake of glucose into muscle is impaired in obese 
mice [ 181. This impairment may account for the 
observed insulin resistance in vivo and is consistent 
with a reduced degree of fatty acid oxidation by 
muscle, since it is known that accumulated levels of 
fatty acids inhibit glucose uptake [ 191. 

The insulin resistance of obese mice contrasts with 
their obesity since insulin normally stimulates lipo- 
genesis and inhibits lipolysis. However, in isolated 
adipocytes from obese mice lipogenesis and lipolysis 
respond to insulin at the high insulin concentrations 
found in these animals [20]. The lack of ketosis in 
association with the insulin resistance observed in 
vivo is therefore explained and the anomaly of obesity 
associated with resistance to a hormone which stimu- 
lates lipogenesis is therefore apparent rather than real. 
Hyperinsulinaemia and hyperglycaemia are therefore 
seen as secondary effects to the obesity and may be 
necessary to sustain high fat biosynthesis and turn- 
over. Hyperglycaemia in obese mice is related to their 
increased food intake; dietary restriction results in a 
return to normal blood glucose levels [4]. Hyperin- 
sulinaemia is reduced by dietary restriction but insulin 
levels remain higher than in lean controls [4]. Hyper- 
activity accompanies dietary restriction and this may 
provide extra heat from muscular contraction, but 
the animals remain obese in the absolute sense, since 
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a higher proportion of their body weight is fat com- 
pared with lean controls. 

On the above hypothesis, although obesity appears 
to precede the development of diabetic symptoms, 
obesity due simply to overeating is not per se the 
primary cause of maturity onset diabetes in humans. 
Maturity onset diabetes is due rather to an inborn 
error of metabolism but the lesion is only expressed 
in individu~s with an above normal food intake, and 
is controlled by dietary restriction. 

The hyperglycaemic obese mouse is a good model 
for maturity onset diabetes in humans but it is clear 
that human obesity has several causes. In the obese 
mouse fed a high carbohydrate diet, fat is synthesised 
from carbohydrate in adipose tissue [Zl]. In the 
Zucker fatty rat (falfa) [22], and in humans [23], fed 
a high carbohydrate diet, fat is synthesised from 

carbohydrate in the liver and transported to adipose 
tissue. Obese humans and Zucker rats are therefore 
hyperlipaemic whilst the obese mouse is not, and the 
Zucker rat may be a better model than the obese 
mouse for certain types of human obesity. 

References 

[ 1 f Unger, R. H., Dobbs, R. E. and Orci, L. (1978) Ann. 
Rev. Physiol. 40,307-343. 

[2] Bray, G. A. and York, D. A. (1971) Physiol. Rev. 51, 
598-646. 

[3] Schull, K. H. and Mayer, J. (1956) Endocrinology 58, 
220-22.5. 

[4] Abraham, R. R., Dade, E., Elliott, J. and Hems, D.A. 
(1971) Diabetes 20,535--541. 

151 

161 

I71 

[81 

[91 

IlOl 

Ull 

[I21 

iI31 

1141 

[ISI 

1161 

1171 

I181 

[I91 

1201 

1211 

[221 

1231 

Thurlby, P. L. and Trayhurn, P. (1978) Brit. J. Nutr. 
39,397-402. 
Dubec, P. U. and Willis, P. L. (1979) Metabolism 28, 
633-640. 
Ashwell, M., Meade, C. J., Medewar, P. and Sowter, C. 
(1977) Proc. Roy. Sot. ser. B 195,343-353. 
Davis, T. R. A. and Mayer, J. (1954) Am. J. Physiol. 
177,222-226. 
Trayhurn, P. and James, W. P. T. (1978) Pflugers Arch. 
373,189-193. 
Trayhurn, P., Thurlby, P. L. and James, W. P. T. (1977) 
Nature 266,60-62. 
Lemonnier, D., Suquet, J. P., Aubert, R., De Gasquet, P. 
and Pequigot, E. (1975) Diabete Metabol. 1,77-85. 
Carnie, J. A. and Smith, D. G. (1978) FEBS Lett. 90, 
132-134. 
Himms-Hagen, J. (1976) Ann. Rev. Physiol. 38, 
315-351. 
Smith, D. G. (1979) PhD Thesis, University of 
Manchester. 
Alonso, L. G. and Maren, T. H. (195.5) Am. J. Physiol. 
183,284-290. 
Salmon, D. M. W. and Hems, D. A. (1973) Biochem. J. 
136,551-563. 
Elliott, J., Dade, E., Salmon, D. M. W. and Hems, D. A. 
(1974) Biochim. Biophys. Acta 343,307-323. 
Le Marchand-Brustel, Y ., Jeanrenaud, B. and 
Freychet, P. (1978) Am. J. Physiol. 234, E348-E358. 
Randle, P. J., Garland, P. B., Hales, C. N., 
Hewsholme, E. A., Denton, R. M. and Pogson, C. I. 
(1966) Rec. Prog. Harm. Res. 22, l-48. 
Carnie, J. A., Smith, D. G. and M-Vavayannis, M. 
(1979) Biochem. J. 184,107-112. 
Hems, D. A., Rath, E. A. and Verrinder, T. R. (1975) 
Biochem. J. 150, 167-173. 
Lemonnier, D., Aubert, R., Suquet, J. P. and 
Rosselin, G. (1974) Diabetologia 10,697-701. 
Galton, D. J. (1978) Enzyme 23,274-288. 

10 


