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Reports from this laboratory( 1,2,3) have 
demonstrated differences in the metabolic pat- 
terns of 2 highly inbred strains of mice. One 
of the most marked differences noted was 
the ease with which the AJFn strain mouse 
became obese in response to diets containing 
up to 50% fat. The I/Fn, when fed the 
same diets, remained lean (4). This difference 
was, to a substantial degree, due to the 
greater food intake of the A strain mouse 
and particularly to the breakdown in food 
intake regulation as diets of increasing cal- 
oric density were fed. However, pair-feeding 
of the 2 strains still permitted the A strain 
to deposit significantly more carcass fat (5).  

These observations led us to investigate 
the metabolic capacities of intact animals and 
of adipose tissue and liver in vitro. The re- 
sults suggest that the A strain mouse is able 
to channel more lipid into depots while the 
I strain is more dependent upon fat oxidation 
to meet its energy requirements. 

Experimentat. Male mice of the A/Fn and 
IJFn strain, 4-8 months of age, maintained 
on Purina Laboratory Chow were used 
throughout this study. 

Free fat.ty acid ( F F A )  retease. Animals 
were killed by cervical dislocation, the epi- 
didymal fat pads removed, weighed and incu- 
bated in calcium-free Krebs-Ringer phosphate 
buffer, pH 7.4, containing 3% bovine serum 
albumin (Fraction V). The tissue was pre- 
incubated for 30 minutes then transferred to 
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fresh buffer for a period of 3 hours at 38OC. 
Portions of the medium were taken foc FFA 
determination by the method of Dole and 
Meinertz( 6).  FFA levels were determined on 
plasma collected from both strains. 

Ketone body formation by liver slices. 
Liver slices were prepared from the left 
lateral lobe, weighed and placed in a Warburg 
flask containing Krebs-Ringer phosphate buf- 
fer, pH 7.4, with 3% bovine serum albumin 
and 93 pg of octanoic acid per 3.0 ml of 
buffer. This concentration of octanoic acid 
was sholwn experimentally to be optimal for 
ketone body formation by liver slices in vitro. 
The tissue was incubated at  38°C for 3 hours. 
Ketone bodies were determined by the method 
of Lyon and Bloom(7) on 1.01 ml portions 
of the incubation medium. 

Glycogen determination. Tissue glycogen 
was isolated from the left lateral lobe of 
the liver by digestion in hot 30% KOH fol- 
lowed by precipitation with ethanol. The pre- 
cipitated glycogen was centrifuged and then 
dissolved in 1 N H2S04. Glycogen was 
determined colorimetrically by the method of 
Fales (8). 

Fat oxidation in vivo. Animals of both 
strains were placed in a metabolism cage suit- 
able for collecting C1*02. Respiratory C1*02 
was drawn through the system by suction and 
trapped in two 25% KOH traps. The tem- 
perature in the chamber was maintained at 
30°C. Animals were lightly anesthetized with 
ether, weighed and fed by stomach tube Q.25 
ml glyceryl tri (pa1mitate-1-Cl4) (New Eng- 
land Nuclear Corp.) dissolved in olive oil. 
In  experiments measuring the effect od carbop 
hydrate on tripalmitin oxidation, the same 
concentration of fatty acid was administered 
along with 0.25 ml of a 25% glucose-SOl% 
starch solution. The animals were then placed 
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TABLE I. Plasma F F A  m d  F F A  Release in vitro 
by Epididymal Fat Pads from A and I Strain 

Mice. 

F F A  release in vitro 
Plasma F F A  (pmolm released/ 
(Fmoles/ml) 100 mg tissue/hr) 

Fasted Fasted 
Strain Fed 24hr  Fed 24hr  

A .882* 1.522 318 1.030 * .087 2 . l o 7  & .032 f . l o 1  

I .610 1.011 .843 1.033 
f .034 & .068 k .076 .146 

(4) (6)  (3)  (6)  

(4) ( 7 )  (7) ( 8 )  
p <.05 < . O l  n.s.t n.s. 

* Mean value & staiidard error; No. of animals 

t Not significantly different. 
shown in parentheses. 

in the metabolism chamber and at  2-hour 
intervals the KOH traps were changed and 
a portion plated as barium carbonate on filter 
paper discs 2.5 cm in diameter. The samples 
were counted in the proportional region with 
a windowless flow counter and corrected for 
self-absorption (9). 

After the C1402 collection period, the ani- 
mals were killed by cervical dislocation and 
saponified in 2 0 0  ml of 15% KOH-50% etha- 
nol under reflux. An aliquot was acidified and 
extracted 3 times with petroleum ether (B.P. 
30-60°C). A portion of the ether extract was 
pipetted onto a lens paper disc cut to fit a 
2-inch aluminum planchet. The planchet and 
contents were heated to dryness and counted 
at infinite thinness. 

Results. A comparison of plasma FFA 
levels and rate of in vitro FFA mobilization 
by epididymal fat pads from fed and fasted 
A and I strain mice is shown in Table I. 
FFA release from isolated fat pads was the 
same for fed and fasted animals of both 
strains when the results were expressed oa 
the basis of 100 mg of tissue. It must be 
remembered, however, that the I strain ani- 
mal, although nearly equal in weight to the 
A, is characterized by smaller fat pads(5). 
Therefore, the intact A strain mouse by 
virtue of its larger fat stores may be capable 
of releasing more fatty acids into circulation. 
Indeed, the amount of plasma FFA was found 
to be greater in both fed and fasted A than 
in comparable I strain animals. 

X GLYCOGEN 

FI,G. 1. Relationship between liver glycogen levels 
and ketone body production by liver slices from A 
and I strain mice. Each point represents one animal. 
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HOURS 
FIG. 2A. Tr i~a1mi t in-C~ oxidation to C"On in vivo 

by A and I strain mice. Each point is the mean of 
3 animals. Vertical lines are the standard error of the 
mean. Animals used in this experiment were ap- 
proximately the same age and closely matched in 
body weight. Tripalmitin-C4 (2 pc) was dissolved 
in olive oil and 0.25 ml administered (320 p moles) 
orally. 

FIG. 2B. Effects of carbohydrate on in vivo oxi- 
dation of tripalmiltin-C" to C402 by A and I strain 
mice. A 2.5% glucose-50% starch solution (0.25 ml) 
was administered orally after the tripalmitin-P. All 
other conditions the same as Fig. 2A. 

hours. The amount of fa t  retained by both 
strains during this period did not differ sig- 
ni fican tly . 
Discussion. Measurements of FFA mobili- 

zation in vitro indicate no strain differences 
in the rate of release if expressed on a unit 
weight basis. However, we have noted that 
in mice of the age used in this study (5-8 
months of age) the A strain has a greater 
carcass fat content than the I. The greater 
plasma FFA concentration observed in the 
A strain animal may be due, in part, to the 
larger fat depots in this animal ( 5 ) .  

The concentration of FFA in the plasma 
is a balance between the rate of FFA release 
from the fat depots and the rate of removal 
by the other tissues. In the liver the meta- 
bolic pathway of fatty acids to COZ or ketoae 
bodies is thought to be controlled by the 
intracellular levels of oxaloacetate and the 
activity of the enzyme citrate synthetase( 101). 
In  the present study we have demonstrated 
that ketone body productioln by liver slices 
is greater in the I than in the A strain mouse 
and is inversely related to the hepatic glyco- 
gen concentration. The mechanism of the 
glycogen effect on ketone body formation is 
not clear; however, it is tempting to specu- 

late that glycogen contributes to the level of 
oxaloacetate in the liver cell. 

The administration by stomach tube of 
t r i~a1mit in-C~~ to animals of both strains re.. 
sulted in a greater rate of Cl4OOz output from 
the I strain mouse. The A strain animal 
oxidized less and retained more of the in- 
gested lipid. Muscle of the I strain mouse 
has extremely high levels of glycogen that 
do not decrease significantly after a 24-hour 
fast(3). Lyon has made a detailed study of 
the muscle phosphorylase activity of the I 
strain mouse and has shown that phosphoryl- 
ase a is not activated during fasting( 11). 
The greatly diminished supply of carbohy- 
drate available to the I strain muscle during 
fasting as well as the normally low levels of 
liver glycogen(3) may account for its greater 
dependence on fatty acid as a solurce of 
energy. 

In the intact animal glucose spares the oxi- 
dation of fatty acids. Lewis et aZ(12) found 
that administered glucose was utilized pref- 
erentially by fasted rats and that fatty acid 
oxidation commenced after the exhaustion of 
available glucose. In the I strain mouse fatty 
acid oxidation is more rapid than in the A, 
and carbohydrate, fed with fat, has a more 
marked effect in depressing the conversion 
of t r i~a1mit in-C~~ to C1402. This finding sug- 
gests a greater rate of fat oxidation by the 
I strain possibly due to the relative unavail- 
ability of muscle and liver carbohydrate in 
this animal. When carbohydrate and fatty 

TABLE 11. Effect of Carbohydrate on Retention 
of T r i~a1rn i t i n -C~~  by A and I Strain Miee." 

Tripalmitin-C1* 
25% glucose, 

Strain Tripa1rniti11-C'~ 50q0 starch 

(pnioles retained/24 hr )  
A 48.0t 63.0 

2 6.2 2 6.6 

I 6.9 54.6 
k 5.1 & 4.2 

p < . O O l  n.s.S 

*Animals received by stomach tube 320 pmoles 
of triglyceride containing 2 pc of tripz~1mitin-C~~. 

t Mean value standard error; No. of animals 
shown in parentheses. 

t Not significantly different. 

(6) (3) 

(6) (3)  
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acid are administered simultaneously to the 
I strain mouse, fatty acid oxidation is de- 
pressed. It is interesting to note that in the 
A strain mouse carbohydrate stimulates the 
oxidation of tripalmitin, a result difficult to 
interpret in light of the reports of a dimin- 
ished fat oxidation when fat and carbohydrate 
are fed simultaneously ( 1 2,13 ) . 

This study points to two important differ- 
ences in the lipid metabolism of the A and 
I strain animals. The A strain mouse is able 
to channel more ingested fat into depots 
(Table 11) and upon fasting may liberate 
larger quantities of FFA into the plasma. 
The larger size of the fat stores in the A 
strain(4) may partly account for both the 
higher concentration of plasma FFA and, in 
turn, the greater hepatic lipid content of the 
fasted animal ( 5) .  Carbohydrate is probably 
not available in sufficient quantities to meet 
the requirements of the tissues of the fasting 
I strain mouse, forcing a greater reliance on 
fatty acid oxidation in this strain. 

Summary. Differences in the metabolism 
of 2 highly inbred strains of mice were 
studied. There was a higher level of FFA in 
the plasma of the A/Fn strain mouse as com- 
pared to the I/Fn, although measurements of 
FFA release in vitro revealed no differences in 
the rate of mobilization per unit weight of 
adipose tissue. Ketone body production by 
liver slices was greater in the I, and in both 
strains was inversely related to the hepatic 

glycogen content. Tripa.lmitin-C14 Oxidation 
to C1402 in vivo was more marked in the I 
than in the A, while fat retention was greater 
in the A. The simultaneous feeding of a 
2 5 % glucose-50% starch solution markedly 
depressed C02  output from tripalmitin in the 
I strain and caused an enhanced output in 
the A. 
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In previous experiments on dogs ( 1 ) , we 
found that excretion of N15 ingested as gly- 
cine, alanine, or ammonia was reduced by 
growth hormone (STH) and increased by 
corticotropin (ACTH) . That STH increases 
incorporation of nitrogen from all of the 
above sources into tissue proteins was demon- 
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strated in experiments on rats(2-4), but the 
possibility that this hormone also alters the 
rate of N15 excretion by influencing transport 
of utilizable substances was not excluded. 
Moreover, it would be difficult to prove di- 
rectly that increased output of N15 in experi- 
ments with ACTH was due entirely to accen- 
tuated protein breakdown or gluconeogenesis. 
We have, therefore, studied effects of both 


