
On Raising Energy Expenditure in ob/ob Mice 

Jay C. Erickson et al. (1) describe the energy 
intake and energy expenditure of mutant 
obese mice (oblob) in which the gene for 
neuropeptide Y (NPY) is disrupted. They con- 
clude that deficiencv of NPY in the oblob 
mouse reduces the eievated food intake and 
increases the low energy expenditure, partially 
alueliorating the obesity. Another report, by 
Mary Ann Pelleymo~unter et al. ( 2 ) ,  describes 
energy intake and energy expenditure of oblob 
mice treated with OB protein or saline. They 
conclude that treatment with OB protein 
(leptin) reduces food intake and increases 211- 
ergy expenditure, ameliorating the obesity. 

In both studies, food intake is uresented in 
units of grams per mouse. Food intake of oblob 
mice is indeed reduced both by disruption of 
the gene for NPY and by treatment uith OB 
protein. However, data tor energy expe~lditure 
are expressed as milliliters of oxygen consumed 
per kilogram of body weight per hour. Why 
divide energy expenditure by body weight? 
The oblob mouse contains much more meta- 
bolically inert body fat than the lean mouse. 
The NPY-I- oblob nlouse contains less body 
fat than the ob/ob mouse, but still more than 
the lean mouse. Likewise, the OB-treated oblob 
mouse contains less bodv fat than the saline- 
treated oblob mouse. If, irom the data in the 
report, reating oxygen consumption is ex- 
pressed as total milliliters of oxygen co~ls~umed 
per mouse per hour, a different outcome is 
seen. Total oxygen co~lsumption in oblob mice 
and in IiPY-:- oblob nlice is similar and in 
both cases higher than in lean mice. The 
apparent increase caused by remol~al of NPY 
disappears. Likewise, total oxygen consump- 
tion in saline-treated oblob mice and OB-treat- 
ed oblob mice is similar. The apparent increase 
caused by the OB treatment disappears. 

In both studies, and quite correctly, energy 
intake was not expressed in terms of body 
weight; had it been so expressed, this would 
have produced the ~lo~lsensical result that obi 
ob mice eat much less than lean mice. Energy 
expenditure should not be expressed in this 
way either. I suggest that both research groups 
recalculate their results ( 1 ,  2) to express them 
as total oxygen cons~uned per lnouse per hour 
and reco~lsider their co~lcl~~sions. 
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Response: The comment by Himms-Hagen 
reveals the complexity of using basal oxy- 
gen consulnption rates to compare the met- 
abolic activity of animals that differ greatly 
in body size, body composition, and other 
characteristics. If oxygen cons~unption is 
calculated on  a oer-whole-an~mal basis. 
rather than on a per-weight basis, then 
there is no significant difference between 
NPY-deficient oblob mice (71.3 ? 2.9 ml 
per hour per mouse) and control oblob mice 
(71.5 5 3.1 ml per hour per mouse); simi- 
larly, when calculated in this manner, lep- 
tin treatment does not raise the oxygen 
consum~tion rate of oblob Inice (see the 
response by Pelleymounter et al.). However, 
these results do not necessarily mean that 
the leaner phenotypes produced by NPY 
deficiency and leptin treatment are unrelat- 
ed to changes in ~netabolic activity. 

A problem in interpreting these data is 
that the measurements were obtained 
when significant differences in  physical 
characteristics-sucll as body weight and 
body adiposity, which themselves affect 
oxygen consumption-existed between 
the groups of mice being compared. For 
example, the larger size of the control 
oblob Inice necessitates that they devote 
ereater metabolic activit~, to cardiac o~ut- 
i u t ,  body support, and other physiological 
urocesses influenced bv bodv size. The  dif- 
iiculty in comparing whole-animal oxygen 
consu~nption rates of animals varying pro- 
foundly in size and con~position is exem- 
plified by studies showing that adult ob/ob 
mice consume as much oxygen as or Inore 
than ~lormal  lean mice 11, 2) .  O n  the basis 
of this information, one might mistakenly 
conclude that the obesitv of oblob nlice 
develops despite a seemingly norlnal or 
faster-than-normal metabolic rate, an as- 
sertion that directly conflicts with studies 
demonstrating that a metabolic compo- 
nent  co~ltributes to the onset of obesity in 
these mice (2-5). W e  therefore expressed 
oxygen consumption on a per-weight basis 
to more accurately reflect metabolic effi- 
ciency ( G ) ,  a strategy used by other inves- 
tigators ( 2 ,  7, 8 ) .  

Regardless of one's interpretation of the 
oxygen consumption measurements, NPY 
deficie~lcr and leutin treatment both result- 
ed in increases i n  body temperature and 
physical activity of oblob inice (6 ,9 ) ,  effects 
that would tend to promote increased ener- 
gy expenditure and hence to reduce adipos- 
ity. Further studies are needed to define the 
co~nplicated effects of leptin treatment and 
NPY deficiency on  the metabolism of oblob 
mice. Examination of whole-animal oxygen 
consulnption rates before drastic changes in 

body weight and composition occur as well 
as pair-feeding studies could provide essen- 
tial information. 

Jay C. Erickson 
Cjunther Hollopeter 

Richard D. Palmiter 
H o w a ~ d  Hughes Medical Institute, 

L1~-iiuersity of Washit-igton, 
Seattle, WA 981 95, CSA 

E-mail: palmite~@u. ulashington. edu 

REFERENCES 

1 .  J. Mayer. R. E .  Russell, M. \I!. Bates, M. M. D~ck~e .  
Erdocr,nology 50, 31 8 11 952). 

2. G. A. Bossonreault. M. J. Ho r r sb~h .  J. VV. S v o r s  
D. R. Romsos G. A. Levejlle, R o c .  Soc. Ex,oer Biol. 
Med. 157 402 (1 978). 

3. C. Chlo~verakis, Ex,oenenba 26. 1262 (1 970:. 
4. L. C. Aonso a rd  T. H. Maren. A??. J. Phys~ol. 183, 28A 

(I 955). 
5. D. L. Co emar, int. J.  Obesitv 9 69 11 9851. 
6. J. C. Erckson, G. Ho 1ope;er; R. D. ~ a ~ m i t k r ,  Science 

274, 1704 11 996). 
7. M. L. K a ~ l a ?  and G. A. Leve~lle, Am. J. P,b)/siol. 227, 
912 (1974). 

8. M. L. Kaplan i r t .  J. Obes~ty 5, 51 (1981). 
9. M. A. Peleymourter ei a/ .  Soence 269, 540 (1 995) 

18 March 1997; accepted 21 Apr~l 1997 

Response: Himms-Hagen has an excellent 
point. The first thing that we would like to 
point out, however, is that the y axis on the 
graph in figure 2A in our 1995 report [(I ), p. 
5411 had an omission. Oxygen consumption 
was actuallv exuressed and calculated as mil- , 
liliters per kilogram to the 0.7 power per 
hour [ml kg--@' hr-'1, that is, as a power 
function, not as a mass function. Power func- 
tions are used as a mass-indenendent method 
of expressing the average volutne of oxygen 
( ~ 0 ~ )  consumed, reflecting surface area 
rather than Inass (2 ) .  One assumes, with 
Dower functions, that surface area should 
directly reflect metabolizable tissue. How- 
ever, when there is as large a discrepancy 
in mass as there is between the oblob 
mouse and its lean littermate (even at  5 to 
6 weeks of age), the power function is no 
longer independent of mass. When  our 
data were analyzed in units of milliliters 
per mouse (as suggested by Himms-Ha- 
gen), there were no significant differences 
in v 0 2  between oblob and lean mice, 
which is consistent with earlier data ex- 
pressed in the same manner (3).  Needless 
to say, the leptin effect also disappeared. 

\Vhether one could now co~lclude that , 

the oblob does not have a metabolic defect 
or that leptin or NPY deficiencies do not 
affect energy utilization is, however, far 
from clear. As pointed out in the response 
by Erikson et nl., a normal resting metabo- 
lism in the oblob lnouse is not consistent 
with other aspects of its phenotype, that is, 
abnornlally low body temperature, reduced 
locolnotor activity, and considerably greater 
feed efficiency (food intake divided by body 
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weight, as suggested by Himms-Hagen). 
These inconsistencies could suggest that 
some normalization is still necessary in 
order to compare lean animals with the 
oblob mouse. The oblob mouse, after all, 
has a much larger surface area and more 

Table 1. Effects of leptin (10 mg/kg) after 3 
weeks of administration on 0, consumption in 
(+/+), (ob/+), and (oblob) mice. vO, is ex- 
pressed as a function of FFM (sum of carcass 
water and lean mass) zSE. Oxygen consump- 
tion corresponds to the average volume of 0, 
(vO,) consumed during 15 1 -minute sampling 
periods. Measurements were taken in an airtight 
chamber with an 0, flow rate of 0.75 L/min, with 

carcass water than a lean counterpart 
along with having more fat than "meta- 
bolically active" tissue. If v 0 2  is expressed 
as a function of fat-free mass (water and 
carcass lean mass; FFM), then the oblob 
mouse retains its hypometabolic nature 
and leptin raises v 0 2  to that found in lean 
mice (Table 1). Studies showing reduced 
v 0 2  in oblob mice have either used a 
comparison of weight-matched non-oblob 
mice with oblob mice or have normalized 
the data against mass or surface area (4, 
5). Unfortunately, any normalization of 
v 0 2  (using ratios) is still somewhat con- 
troversial because the regression line for 

the use of the 0xy6ax system (Columbus lnstru- v 0 2  versus fat-free mass or mass does not 
ments, Columbus, Ohio). have a zero intercept, violating one of the 

assumptions necessary for using ratio data 
vO, (mVkg FFM/hour) (6). Therefore, we agree with Erikson et al. 

Treatment 
PBS 

that the only meaningful comparison of 
Leptin v 0 2  in oblob mice may be in very young, 

(+/+I *4381.9 z 96.8 4581.5 + 171.1 weight-matched oblob versus non-oblob 
(ob/+) *4787.6 2 109.5 4961.5 + 113.1 mice, as has been done by Oh and Kaplan. 
(ob/ob) 3678.0 2 177.8 t4678.5 + 169.9 (5). 
*ps < 0.0005 to 0.0001 in comparison to ob/ob mice; Mary Ann Pelleymounter 
tpf < 0.0001 in comparison to PBS treatment. Mary Jane Cullen 
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