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ABSTRACT
L-carnitine (LC) has been included in feline 
diets to enhance weight loss and reduce 
risk of hepatic lipidosis. However, many 
overweight cats are fed maintenance diets 
and are not undergoing weight loss. The 
objective of this study was to investigate 
how feeding lean and overweight adult 
cats dietary LC (100 mg/kg) during weight 
maintenance affected resting energy expen-
diture (EE), respiratory quotient (RQ), and 
play motivation. Twenty healthy adult cats 
were stratified by gender and body condi-
tion score (BCS) and randomly assigned 
to receive either a control food (CON) or 

the same food supplemented with 100 mg/
kg LC (LC+) for 42 days. EE was assessed 
using indirect calorimetry at 0, 21, and 42 
days and play motivation was assessed at 
0 and 42 days. Body weight did not differ 
between treatment groups at baseline and 
throughout the study (P>0.05), as expected. 
On days 21 and 42, area under the curve 
(AUC) for EE (kcal/ kg BW*d) and RQ did 
not differ between groups (P>0.05) for lean 
cats. However, overweight cats fed LC+ had 
greater (P<0.05) AUC for EE for at fasting 
and after receiving a meal on d 21 and 42 
and a lower AUC for RQ from 0 - 210 min-
utes post feeding on d 42 than overweight 
cats fed CON. Overweight cats, but not lean 
cats, fed LC+ spent less time both in the 
start box and overall test and pushed more 

Low Level of Supplemental Dietary 
L-carnitine Increases Energy Expenditure 
in Overweight, But Not Lean, Cats Fed a 
Moderate Energy Density Diet to Maintain 
Body Weight  
Shoveller, A.K.1,2

Minikhiem D.L.1

Carnagey K.1

Brewer J.1

Westendorf R.1

DiGennaro J.1

Gooding M.A.1

1Procter & Gamble Pet Care, 8700 Mason-Montgomery Rd, Mason, OH 45040, 
United States of America, 2 Department of Animal and Poultry Science, 
University of Guelph, Guelph, Ontario, Canada

Corresponding author: Anna K. Shoveller, Procter & Gamble Pet Care, 
8700 Mason Montgomery Road, Mason, Ohio, 45040, United States of America. 

E-mail: shoveller.ak@pg.com



Vol. 12, No.1, 2014 • Intern J Appl Res Vet Med.34

weight in the obstruction test than cats fed 
CON (P<0.05). These results suggest that 
dietary LC fed at a low level of supplemen-
tation results in greater EE, lower RQ, and 
greater motivation to play in overweight, 
but not lean, cats fed to maintain weight. 
Future research should investigate whether 
a similar mechanism is present in cats fed 
ad libitum, the feeding management strategy 
commonly used.

INTRODUCTION
L-carnitine (LC) is a vitamin-like, water-
soluble molecule that is found in all cells 
of the body and is concentrated in cardiac 
and skeletal muscle.1  The primary func-
tion of LC is to facilitate the transport of 
long-chain fatty acids (LCFA) across the 
inner mitochondrial membrane for beta-
oxidation within the mitochondrial matrix. 
LC also serves as a cofactor for the transport 
of acetyl-CoA out of mitochondria, which 
further enhances the rate of fatty acid beta-
oxidation and energy generation.1 Together 
these actions regulate intra-mitochondrial 
acetyl-CoA concentrations, releasing free 
CoA and acetyl-carnitine that favor pyruvate 
oxidation. In addition to its demonstrated 
role in fat oxidation and energy generation, 
there is some evidence that LC may affect 
behavior.2  Studies of this role have focused 
primarily on mood or affective behavior in 
aging patients, developmental disorders such 
as autism, or the therapeutic use of LC for 
chronic diseases such as celiac or neoplastic 
disease.3,4,5 Reported benefits of LC supple-
mentation manifest as behavioral changes 
that include improved subjective energy 
level, enhanced motivation to learn, and a 
reduction in mental fatigue. 

Healthy animals do not typically 
require a dietary source of LC because it 
is produced in sufficient amounts by the 
body and is also well conserved via renal 
reabsorption. However, LC is classified as 
a conditionally essential nutrient because 
endogenous synthesis may not be sufficient 
in conditions during which energy produc-
tion relies largely upon beta-oxidation of 
fatty acids or in certain disease conditions. 

For example, diminished carnitine status, as 
assessed by tissue concentrations of carni-
tine and its acyl derivatives, may play a role 
in hepatic lipidosis in cats, and a carnitine-
responsive dilated cardiomyopathy has been 
described in certain genetic lines of dogs.6,7,8 
Therefore, although the body produces LC, 
a dietary source may be required during 
periods of high demand, reduced synthesis, 
or increased excretion. 

L-carnitine status in pet cats has been 
studied because of its potential role in either 
the pathogenesis or the treatment of hepatic 
lipidosis.9  Although not conclusive, there is 
evidence that liver LC homeostasis may be 
impaired in cats with hepatic lipidosis, and 
that dietary supplementation improves fatty 
acid oxidation in susceptible animals.10,11 
The metabolic effects of LC have also been 
studied in healthy, overweight cats under-
going weight loss, a class of cats typically 
considered to be at risk for developing 
hepatic lipidosis. In a recent study, LC-sup-
plemented (+100 ppm and +150 ppm) cats 
that were undergoing weight loss had higher 
rates of fatty acid oxidation, higher resting 
energy expenditure (REE) to lean body mass 
ratio, and lower respiratory quotients (RQ) 
when compared with unsupplemented cats.12  
Similarly, diet-induced hyperlipidemia in 
rats is associated with impaired fuel metabo-
lism and these changes were reversed during 
short term LC supplementation.13  These 
studies suggest that dietary LC can support 
fatty acid oxidation and energy expenditure 
during periods of weight loss or physiologi-
cal stress in overweight animals. 

Most studies of LC have involved the 
use of animal models with certain physi-
ological irregularities, such as an LC defi-
ciency, obesity, hyperlipidemia, or hepatic 
lipidosis. There are few studies that focus 
on the effects of LC in healthy animals (and 
none with cats) with respect to energy and 
macronutrient metabolism. The objectives 
of the present study were to investigate both 
the metabolic and behavioral effects of 100 
mg/kg of supplemental dietary LC when 
fed to healthy cats that were not undergoing 
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dietary energy restriction and were being fed 
to maintain current body weight and condi-
tion. 

MATERIALS AND METHODS
Animals
A group of 10 neutered males (average age = 
3.25 +/- 0.169 years), and 10 spayed females 
(average age = 3.02 +/- 0.158 years) were 
used in this study. All cats resided at the 
Procter & Gamble Pet Health and Nutrition 
Center (Lewisburg, OH), and were group-
housed in an indoor environment with ac-
cess to an outdoor enclosure during daylight 
hours. The interior room included resting 
perches, scratching posts, climbing appara-
tuses, and a variety of toys that were rotated 
regularly. Cats were socialized daily for at 
least 20 minutes and for 60 minutes the day 
following indirect calorimetry measurement, 
with a familiar human caretaker. Room 
temperature was maintained at 22° C with 
relative humidity of 50 to 60 %. Water was 
provided ad libitum via automatic water-
ing devices. The cats were group-housed 
throughout the study, except during each of 
three 15-hour calorimetry periods, when cats 
were housed individually in a respiration 
chamber. All of the cats had been previ-
ously acclimated to respiration chambers for 
up to 24 hours of temporary housing.14 A 
standard veterinary evaluation that included 
physical examinations and chemical and 
complete blood count (CBC) blood analy-
ses was completed on all cats prior to the 
initiation of the study. All cats were healthy 
at the start of the study period and had a 
mean body weight of 4.32 ± 1.07 kg and a 
body condition score (BCS) between 2.5 and 

4.5, which was measured using a five-point 
scale. The animal care and handling proce-
dures used in the study were approved by 
Institutional Animal Care and Use Commit-
tee at Procter & Gamble Pet Care (Mason, 
OH, USA).
Study Design and Diets
Cats were fed the control diet, an adult 
maintenance, dry extruded cat food,a for an 
initial 21-day washout period. Cats were 
then stratified by gender and BCS and 
randomly assigned to one of two treatment 
groups. The control group (CON) was fed 
the adult maintenance food and the test 
group (LC+) was fed the control diet formu-
lated and verified to contain supplemental 
LC at a concentration of 100 mg/kg of food 
(Table 1). Daily food allotments were cal-
culated to maintain each cat’s starting body 
weight using a standard equation based upon 
body weight and found to be applicable to 
this population of cats for weight main-
tenance. Females were fed 40.5 kcal ME/
kg BW*d and males were fed 45 kcal ME/
kg BW*d. Cats were individually fed once 
daily at 7:00 a.m. and allowed 60-minutes 
to complete eating. Remaining food (orts) 
was collected and weighed to calculate total 
daily intake for each cat throughout the 
study period; however, all cats had complete 
food consumption throughout the experi-
mental period. Cats were fed their assigned 
diet over the 42-day study period and body 
weight was recorded weekly. Calorimetry 
was performed at the start of the study 
(baseline), on Day 21 (midpoint), and again 
on Day 42 (end of study).
Resting Energy Expenditure 

Nutrient Control Diet Test Diet Difference
Moisture (%) 5.16 5.29 -0.13

Fat (%) 16.8 17.77 -0.97
Ash (%) 6.3 6.32 -0.02

Crude Fiber (%) 1.27 1.48 -0.21
Protein (%) 34.75 33.83 0.92

L-carnitine (mg/kg) 29.3 120 -90.7

Table 1: Analyzed nutrient content (%, as fed) of Control and Test diets 
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Measurement
Whole body indirect calorimetry was mea-
sured on Day -1, Day 21, and Day 42 using 
a respiratory gas exchange measurement 
method. Chambers were an open-circuit 
flow-through design with room air pulled 
into chambers at a rate of 5 to 10 L/min and 
described previously.14 Chamber air was 
dried by columns of DrieriteTM and again 
prior to being presented to the gas analyzers 
with magnesium perchlorate. Calorimetry 
data were collected using Qubit calorim-
etry software (Qubit C950-MCGES, Qubit 
Systems Inc., Kingston, Ontario Canada). 
Cats were fasted overnight and placed in the 
respiration chambers the following morn-
ing. Following a 30-minute gas equilibration 
period, two fasting respiratory gas measure-
ments were taken to establish fasting VCO2 
and VO2. Cats were fed their entire daily 
ration immediately after the second fasting 
measurement and respiration calorimetry 
was continued for 15 hours post-feeding. 
Recalibration of the CO2 and O2 analyzers 
was conducted approximately 7 to 8 hours 
after the start of the procedure. At the end 
of the 15-hour collection period, cats were 
removed from their chambers and returned 
to the group-housing room. Energy expendi-
ture (EE) was calculated using the abbrevi-
ated Weir equation.15  
The area under the curve 
(AUC) for RQ and EE 
were calculated and 
compared at 0 to 210, 
210 to 420, 420 to 630, 
and 630 to 870 minutes 
post-feeding, and are ex-
pressed on a per kg BW 
basis: EE (kcal/d) = [3.9 
VO2 + 1.11 VCO2]. Time 
periods were chosen to 
represent fed, post pran-
dial, post absorptive, and 
return to fasting estima-
tions.
Assessment of Play 
Motivation
An obstruction test was 

used to measure motivation to play using 
testing procedures previously described.14,16 
Briefly, cats were placed in a “start” box 
that included a swing door connected to a 
second “goal” box that contained a desirable 
cat toy. Cats could push on the swing door 
and enter the goal box to obtain access to 
the toy. Motivation to play was quantified by 
incrementally increasing the weight of the 
door making it progressively more difficult 
to open (100 g increments; max 500 g). 

Cats were allowed up to 5 minutes to 
move into the goal box from the start box. 
If unsuccessful (ie, the cat did not cross 
the door within the allotted time), the door 
weight was decreased by 50 g and testing 
repeated for a single trial before being termi-
nated. A cat’s threshold of motivation to play 
was assessed by identifying the maximum 
door weight that a cat successfully overcame 
to enter the goal box to obtain the toy, the 
time spent in the start box, and the total time 
taken to perform the entire task (defined as 
touching the toy in the goal box). Play moti-
vation was assessed on Day 0 (baseline) and 
Day 42 of the study period at approximately 
6 hrs post feeding.17 
Statistical Analyses
All data were analyzed using SAS version 
9.2 (SAS Institute, Cary, NC), and results 

Figure 1: Energy expenditure (kcal/kg BW *day) at fasting and 
during the post prandial period (0-870 minutes) on Day 42 in 
overweight cats
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are reported as least square means ± pooled 
SEM. All diet comparisons were assessed at 
a significance level of 0.05. BW and calo-
rimetry data were analyzed using a repeated 
measures mixed model that included diet 
and study week as main effects and baseline 
as a covariate. Also, the diet-by-study week 
and diet-by-covariate interaction terms were 
included in the model. The diet-by-covariate 
interaction was not significant and was 
removed from the final model. To assess the 
diet effect on lean and overweight cats sepa-
rately, body condition type and its interac-
tion with diet and diet-by-study week were 
added to the final model. Play motivation 
data were analyzed using a t-test to compare 
treatment groups for lean and overweight 
cats separately. 

RESULTS
Health and Body Weight
All 20 cats remained healthy and active 
throughout the study. Mean body weight 

between treatment groups did not differ 
significantly at the start, midpoint, or end of 
the study period (P>0.05). Within treatment 
groups, on Day 21 cats lost weight in both 
treatment groups when compared to initial 
BW, although the physiological relevance of 
this small level of weight loss is likely not 
significant. However, at the end of the study 
(Day 42), there was no difference between 
final and initial BW in either treatment 
group (Table 2). Body condition score did 
not differ between treatment groups and did 
not change significantly during the study 
period (data not shown). 
Energy Expenditure and RQ
There was no difference between the two 
treatment groups in either fasting or entire 
post-prandial energy expenditure (kcal/
kg BW*d) at baseline, when all cats were 
analyzed or when lean and overweight cats 
were analyzed separately (P > 0.05, Table 3). 
RQ values at baseline were not significantly 
different between lean cats allocated to CON 

Dietary treatment  Change from Base (kg)
Day Mean SEM P-value

Control Day 21 -0.024 0.009 0.022
Day 42 -0.022 0.021 0.304

Test Day 21 -0.025 0.009 0.017
Day 42 -0.026 0.021 0.235

Table 2: Mean change in body weight (kg) from Day 0 of cats fed Test and Control diets on 
Day 21 and 42 of feeding

BCS 
TYPE

Variable Test Control
Time Mean SEM Mean SEM P value

Lean/Ideal

Respiratory 
quotient

fasted 0.736 0.006 0.741 0.007 NS
0-870 min 0.832 0.005 0.828 0.003 NS

Energy 
Expenditure

fasted 55.84 5.86 49.69 3.43 NS
0-870 min 46.30 1.90 45.76 1.33 NS

Moderately
Overweight

Respiratory 
quotient

fasted 0.747 0.010 0.780 0.012 NS
0-870 min 0.820 0.002 0.833 0.004 0.033

Energy 
Expenditure

fasted 43.71 1.67 50.49 4.46 NS
0-870 min 38.93 3.02 34.90 1.20 NS

Table 3: Energy expenditure (kcal/kg*day) or respiratory quotient on Day 0 (baseline) for 
lean and overweight cats fed test and control diets
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versus lean cats allocated to LC+ when fast-
ed or during the entire post-prandial period 
(P> 0.05, Table 3). However, overweight 
cats allocated to LC+ had a significantly 
lower mean RQ during the post-prandial pe-
riod than overweight cats allocated to CON 
(0.820 vs. 0.833, P = 0.033) at baseline. 

There were no significant differences 
in energy expenditure (kcal/kg*d) between 
lean cats fed CON and lean cats fed LC+, 
with the exception that cats in LC+ had a 
greater decrease from baseline (P<0.05) in 
the fasting REE when compared with lean 
cats fed CON on Day 21 (-4.45 vs. 1.10, P = 
0.033, Table 4). Energy expenditure in over-
weight cats (kcal/kg BW*d) fed LC+ was 
significantly greater during fasting and over 

the 870 minute post-prandial period on both 
Day 21 and Day 42 when compared with 
overweight cats fed CON (Table 4 and Fig-
ure 1, P < 0.05). There were no differences 
(P>0.05) in RQ for lean or over weight cats 
fed CON versus LC+ during fasting or over 
the entire post-prandial period, at either Day 
21 or Day 42. However, overweight cats 
fed LC+ had a significantly lower change 
from baseline in RQ at Day 42 in the 0-210 
minute post prandial period when compared 
with overweight cats fed CON (0.0045 vs. 
0.0172, P = 0.026) suggesting greater fat 
oxidation.
Play Motivation
There were no differences between lean 
cats fed CON and those fed LC+ for any 

BCS
TYPE

Day Test Control
Time Mean SEM Mean SEM P value

Lean/Ideal

Day 21 fasted -4.45 1.80 1.10 1.60 0.033
0-870 min -1.30 0.54 -0.18 0.49 0.114

Day 42 fasted -3.83 1.80 -0.15 1.60 NS
0-870 min -1.85 0.54 -1.44 0.49 NS

Moderately
Overweight

Day 21 fasted -2.15 2.21 -10.98 2.44 0.014
0-870 min 1.24 0.66 -1.12 0.87 0.023

Day 42 fasted -2.36 2.21 -11.56 2.44 0.011
0-870 min 0.48 0.66 -1.80 0.87 0.028

Table 4: Change from baseline in energy expenditure (kcal/kg BW *day) at fasting and during 
the post prandial period (0-870 minutes) on Day 21 and Day 41 in lean and overweight cats 
allocated to test and control diets.

BCS
TYPE

Play Variable 
(Change from Baseline)

Test Control
Mean SEM Mean SEM P value

Lean/Ideal 
(n=13)

Time in start 
box (min)

3.7 65.8 -45.9 61.1 NS

Maximum weight 
pushed (g)

-41.7 120.0 -14.3 106.2 NS

Time spent (min) 15.6 53.7 -7.3 43.4 NS
Moderately Time in start 

box (min)
-19.0 11.0 97.0 25.7 0.01

Overweight (n=7) -25.0 25.0 -250.0 132.3 0.11
Time spent (min) 5.2 5.7 72.6 15.2 0.01

Table 5: Change from baseline in measurements taken during the motivation test on Day 41 in 
lean and overweight cats allocated to test and control diets.
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measures of motivation to play at baseline, 
Day 42, or change from baseline at Day 42 
(Table 5). Overweight cats allocated to CON 
did not differ (P>0.05) from cats fed LC+ 
for any measures of motivation at baseline, 
but significant differences were observed at 
42 days. Overweight cats fed LC+ spent sig-
nificantly less time in the start box and in the 
overall test when compared with overweight 
cats fed CON (Table 5, P = 0.01). Further-
more, cats fed LC+ tended to push more 
weight than cats fed CON (Table 5, P=0.11).

DISCUSSION
LC is a conditionally essential nutrient that 
is needed for the transport of fatty acids 
across the inner mitochondrial membrane 
for oxidation. Although animals produce LC 
endogenously, there is evidence that provid-
ing a dietary source can enhance fat metabo-
lism and may be beneficial to overweight 
animals that are undergoing weight loss. For 
example, when overweight cats were fed a 
commercial weight reduction food restricted 
to 60% of estimated ME requirements, cats 
that were supplemented with an additional 
250 mg LC per day had a higher rate of 
weight loss when compared with unsupple-
mented cats.11 Supplemented cats also had 
higher levels of circulating acetyl-carnitine, 
which is suggestive of an enhanced rate 
of fatty acid oxidation. Metabolic changes 
associated with LC supplementation were 
examined further in overweight cats fed a 
weight reduction diet containing either 0, 
50, 100, or 150 mg/kg additional LC over 
a 12-week weight loss period.12 Cats in all 
four groups lost similar amounts of weight 
and body fat. However, LC-supplemented 
cats had a higher ratio of REE to lean body 
mass and lower RQ values in comparison 
to unsupplemented cats, indicating that cats 
supplemented with LC were better able to 
maintain REE during weight loss and were 
metabolizing a higher proportion of fatty 
acids. 

It was theorized that LC supplementa-
tion may function to protect against the 
decrease in REE that is typically observed 
during prolonged periods of dietary energy 

restriction and help to sustain a normal 
or elevated rate of fatty acid metabolism. 
Similar results have been reported in dogs. 
In an early study with dogs, a group of over-
weight dogs were fed a reduced-calorie food 
containing 0, 50, or 100 mg/kg of LC for a 
12-week restricted feeding period.18  Dogs 
in all three groups lost weight, but those that 
were fed diets containing supplemental LC 
lost more body fat and more weight than 
dogs fed the control diet. An interesting 
finding from this study was that both levels 
of supplementation provided weight loss and 
lean body tissue benefits, with no additional 
advantage accrued when L-carnitine was 
increased from 50 to 100 mg/kg. 

The present study sought to feed lean 
and overweight cats to maintain their initial 
body weight for a period of 42 days (6 
weeks). Feeding 100 mg/kg supplemental 
LC to overweight cats influenced fasting and 
post feeding REE, similar to previous results 
reported in overweight dogs and cats that 
were fed for weight loss. Overweight cats 
fed a diet that was supplemented with LC 
(100 mg/kg) had significantly higher energy 
expenditure after fasting and when measured 
over a 15-hour post-feeding period when 
compared with overweight cats that were 
fed the control diet. This difference was not 
observed in lean cats. Similar to the afore-
mentioned study, RQ values were also lower 
in overweight cats fed diets containing LC. 
This effect was observed in the early, post-
prandial phase (0 to 210 minutes) after 42 
days of supplementation. 

These results suggest that overweight 
cats fed supplemental LC were metabolizing 
a higher proportion of fat than were over-
weight cats that were not supplemented, dur-
ing the first 4 hours following a meal. These 
results in the early post-prandial phase are 
consistent with evidence that lipid absorp-
tion predominates over carbohydrate absorp-
tion and use during the early post-prandial 
period in cats, which is unlike omnivores 
where the reverse is true. These data also 
suggest that LC supplementation promotes 
increased fat oxidation in overweight, but 
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not lean cats.
Several mechanisms of action may 

contribute to the enhanced fat metabolism 
that is observed in overweight cats, but not 
in lean cats, in response to supplementation 
with LC. Differences in muscle fat stores 
and in the types and amount of metabolic 
fuel used by working muscles may con-
tribute to differences between lean and 
overweight animals.19,20 It is possible that 
the muscle fibers of overweight cats are not 
as metabolically active as those of lean cats 
because they are more predisposed to store 
lipids in skeletal and adipose tissue rather 
than to metabolize fat for energy. Numeri-
cally, EE is greater in lean cats as compared 
to overweight cats, although a correction 
for quantitatively measured lean body mass 
may eliminate this difference. As such, this 
difference may be influenced by an absolute 
or relative deficiency of LC in the muscle in 
overweight cats, which in turn is responsive 
to dietary supplementation. 

A second contributing factor may 
be changes in adaptive thermogenesis in 
overweight animals. There is evidence that 
stressors such as reduced food intake or 
insulin resistance may lead to a reduction 
in adaptive thermogenesis, which leads to 
a metabolic shift towards lipid storage and 
away from lipid metabolism.21,22 Insulin 
resistance is common in overweight cats 
and may affect the availability and use of 
LC at the cellular level. However, we did 
not measure insulin sensitivity in the present 
study. L-carnitine enters muscle cells via the 
sodium/potassium pump and insulin influ-
ences both the functioning of this transport 
mechanism and electrolyte balance. In 
the normal healthy state, insulin depletes 
intracellular Na stores, which supports the 
co-transport of carnitine into muscle cells. 
However, because insulin-resistant tissues 
are less sensitive to the effects of insulin, 
this may also limit the amount of carnitine 
entering the cells of overweight cats. Further 
support for this effect comes from evidence 
that two key enzymes, CPT1 and muscle car-
nitine translocase, are inhibited in insulin-

resistant individuals.23  These enzymes aid in 
the transport of fatty acids across mitochon-
drial membranes. Providing supplemental 
carnitine may increase activation of these 
enzymes and enhance fat oxidation.

Similar to overweight human subjects, 
overweight cats exhibit increases in plasma 
triglycerides, very-low-density-lipoproteins 
(VLDL), and free (non-esterified) fatty acids 
when compared with lean cats.24,25 Over-
weight cats also tend to have lower energy 
expenditure on a weight (per kg) basis, when 
compared with lean cats.26 This may be 
caused in part by a higher relative propor-
tion of body fat to lean tissue and its effects 
upon basal metabolic rate as well as changes 
in adaptive thermogenesis.   

Feeding additional LC to overweight 
cats may facilitate energy expenditure via 
both enhanced fat oxidation and revers-
ing stress-induced reductions in adaptive 
thermogenesis, an effect that appears to be 
most pronounced when circulating lipids are 
above normal. Studies with human subjects 
have shown similar results to those observed 
in the present study. Individuals receiv-
ing supplemental LC had lower respiratory 
quotients suggestive of increased use of 
lipids for energy and enhanced fatty acid 
oxidation.27,28 Cumulatively, these results 
suggest a role for LC to increase fatty acid 
oxidation and enhance energy metabolism 
in overweight cats, during periods of weight 
maintenance, as well as during periods of 
weight loss.

In addition to differences in fasting and 
post feeding REE, the study reported here 
also found differences in play motivation 
between overweight and lean cats supple-
mented with LC. Feeding supplemental LC 
significantly enhanced play motivation in 
overweight cats, but not in lean cats. After 
42 days of feeding, overweight cats fed a 
supplemented diet spent significantly less 
time in the start box and less time obtaining 
access to the toy (total time), when com-
pared with overweight cats that were fed the 
control diet. Supplemented cats also pushed 
on average about 225 grams more than con-
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trol cats to move from the start box into the 
goal box (P=0.11). This difference is likely 
physiologically relevant when considered in 
totality with the rest of the play results. Pos-
sible underlying mechanisms that may have 
affected these behaviors include metabolic 
benefits of LC such as: improved fat me-
tabolism and energy expenditure, systemic 
effects such as reduced feelings of fatigue 
and increased alertness, or direct effects on 
the neurophysiology of the brain. 

The motor patterns of play are similar 
to those of the appetitive and consumma-
tory patterns of predation as object play is 
hypothesized to allow the animal to learn to 
perfect, organize and practice predation.29,30  
While play and predation appear to be 
similar in activity pattern, there also appears 
to be a common underlying control system. 
In cats, level of hunger has been shown to 
reduce latency to approach prey and increase 
likeliness of prey directed attack.31 Similarly, 
cats demonstrate increased frequencies of 
play when subjected to acute calorie restric-
tion and greater time (0 vs. 16 hr) since 
feeding.32,33,34,35  

We measured play motivation at about 
6 hrs post feeding for all cats, in both 
treatment groups and cats were at weight 
maintenance; therefore, the increased play 
observed in the present study is not tied to 
variables related to food availability. While 
hunger appears to increase the likeliness 
that cats will demonstrate both predation 
and play behaviors, hunger is not necessary 
for the performance of these activities if the 
appropriate internal and external stimuli are 
available.36,37 Another possible explanation 
for a similar control system for play and pre-
dation is that both systems are controlled by 
separate but interacting brain regions.38,39,40  

Stimulation of the hypothalamus, a con-
trol region involved in energy sensing and 
regulation, can contribute to increased dem-
onstration of predatory behaviors without an 
observed increase in food consumption.41,42 
It is hypothesized that hypothalamic activa-
tion, regardless of hunger level, may act to 
increase play demonstrations by altering the 

capacity of a particular toy or similar object 
(external cue) to induce play.43 Overall, play 
and predatory behaviors appear to be influ-
enced by the central regulation of energy 
homeostasis. Since LC supplementation in 
overweight cats influences metabolic regula-
tion through a concurrent increase in fat 
oxidation and energy expenditure, it may be 
hypothesized that the increased demonstra-
tions of play are a consequence of a change 
in the central energy sensing system. 

Effects of LC on mental and physical 
fatigue may be related to its metabolic ef-
fects on fuel use and energy expenditure. It 
is common for aged individuals and patients 
with kidney disease, diabetes, or cancer 
to report symptoms of chronic fatigue.3 
L-carnitine levels decline with age and LC 
deficiencies have been reported in patients 
with the aforementioned disease states.44 
Recent research indicates that LC supple-
mentation may reduce age-related signs of 
physical and/or mental fatigue. In a study 
of 66 centenarians, the oral administration 
of LC reduced mental and physical fatigue 
and improved cognitive activity and mental 
alterness.3 Similarly, intravenous LC admin-
istration to patients with end-stage renal dis-
ease significantly improved patient-assessed 
fatigue.45  LC supplementation in human pa-
tients with celiac disease and cancer resulted 
in improved fatigue symptoms, along with 
increased lean body mass.4,5  

Cumulatively, these results suggest that 
LC’s effects on muscle metabolism may 
translate into improved subjective feelings 
of energy and higher activity levels. In-
deed, obesity is related to both physical and 
mental fatigue in humans.46 Mental alertness 
may contribute to an enhanced reactivity 
to external stimuli (toy mouse) and pro-
vide greater feelings of energy to enhance 
motivational drives contributing to the 
observed increase in demonstration of play 
in overweight cats. Future research should 
additionally investigate whether satiety hor-
mone concentrations, genes associated with 
cellular energy metabolism, and voluntary 
activity change due to LC supplementation 
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to further understand the possible mecha-
nisms of this result.

The metabolic benefits of supplemental 
LC in overweight animals may also directly 
influence the brain. Insulin resistance not 
only affects peripheral tissues, but can also 
affect brain function. Insulin is able to cross 
the blood brain barrier and interact with 
receptors in the hippocampus, the area of 
the brain that is involved with memory and 
cognitive processing. Brain insulin receptors 
in patients with type II diabetes mellitus are 
desensitized, which contributes to disrupted 
energy metabolism.47 Supplemental LC may 
affect the brain in a manner similar to its 
effects on muscle cells by optimizing fat 
oxidation and enhancing energy metabo-
lism and availability. Furthermore, LC may 
exhibit neuroprotective effects during aging 
and in certain diseases that lead to meta-
bolic changes in the brain, such as increased 
ammonia levels observed in patients with 
hepatic encephalopathy.48 The metabolic 
causes for these improvements are not fully 
understood, but it is theorized that increased 
glucose availability for non-insulin depen-
dent tissues, such as the brain, along with 
improved fatty acid utilization by heart and 
muscle tissues may be contributing factors. 
In the present study, while the underlying 
mechanism of the play benefits to over-
weight cats were not studied, these are 
interesting and relevant results and warrant 
continued investigation.

CONCLUSIONS
Supplemental LC has been fed to cats to en-
hance weight loss and to potentially reduce 
risk of hepatic lipidosis. However, many 
overweight cats that live as pets in homes 
are fed maintenance diets and are not sub-
jected to weight loss programs. The results 
of this study showed that when overweight 
cats were fed an adult maintenance diet that 
was enriched with LC (100 mg/kg) and fed 
to maintain body weight, they experienced 
increased resting and post-prandial energy 
expenditure, reduced RQ, and increased 
motivation to play. Future research should 
investigate whether a similar mechanism is 

present in cats fed ad libitum and in-home 
cats.
a. Iams ProActive Health Original with Chicken
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