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Abstract

The ontogeny of carnitine palmitoyltransferase (CPT) was examined in liver and muscle throughout growth and development of the
domestic felid. Homogenates from animals in six age categories (newborn, 24-h, 3-, 6- and 9-week-old, and adult) were examined. Hepatic
CPT specific activity increased progressively from birth to 6 weeks and then declined slightly into adulthood, with maximal values for
animals greater than 24 h of age [171 nmol/(min g wet tissue)] being 70% higher than for newborns [99 nmol/(min g wet tissue)] ( P <.05).
Specific activity in adults was similar to that in 6- and 9-week-old juveniles. Total hepatic CPT activity [nmol/(min liver)] increased linearly
with age, but the activity expressed per kg body weight [nmol/(min kg BW)] declined after 3 weeks. In contrast, skeletal muscle CPT-specific
activity remained unchanged from birth to 3 weeks and then increased significantly, with maximal values at 9 weeks being 90% greater than
those for young animals (newborn to 3 weeks; P <.05), whereas specific activity in adults was 50% lower than that observed in 9-week-old
animals (P <.05). Hepatic and muscle apparent K,,’s for carnitine averaged 440 pM and did not vary with age. Hepatic carnitine
concentrations remained relatively constant during development, but were lower in adult lactating females, whereas skeletal muscle
concentrations increased markedly with age. Hepatic concentrations were 20—-50% higher than apparent K,,’s for carnitine in young and
growing animals, but concentrations were similar to the apparent K, at 6 weeks and significantly lower than the apparent K, in adults.
Carnitine concentrations in skeletal muscle were 37% lower than apparent K, during the neonatal period, but significantly higher in cats >3
weeks of age. We conclude that postnatal increases in CPT activity support increased capacity for fatty acid oxidation in the developing felid
and that dietary carnitine may be required to maximize enzyme activity.
© 2005 Elsevier Inc. All rights reserved.

Keywords: Fatty acid oxidation; Feline development; Lipid metabolism; Cats; CPT

transition from a high fat (milk) diet to a high carbohydrate
diet [4,5]. It is believed that the changes in postnatal fatty
acid oxidation are predicated on developmental regulation
of the carnitine-dependent acyltransferase system in which
carnitine palmitoyltransferase I (CPT I; Enzyme Commis-
sion No. 2.3.1.21) facilitates transport of long-chain fatty
acids across the inner mitochondrial membrane [6] for
subsequent beta oxidation.

In contrast, despite their natural selection of carnitine-
rich diets, surprisingly few data are available regarding
carnitine status and the CPT transport system in carnivorous
species. Indeed, variations in kinetics (i.e., K, and V,,..)
and capacity of CPT are likely of heightened importance for
developing felids due to their sustained reliance on high-fat,

1. Introduction

Fatty acid oxidation changes dramatically during growth
and development of all mammals, especially during the
transition from fetal to postnatal life and at weaning.
Studies of omnivorous and herbivorous species such as rats
[1], pigs [2] and rabbits [3] have suggested that fatty acid
oxidation increases greatly in the first 24 h after birth.
Elevated fatty acid oxidation persists throughout the
suckling period and decreases quickly at weaning with
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high-protein diets. For example, the fat content of feline
milk increases from 17% in early lactation to 30% in late
lactation [7], and whereas dietary fat decreases after
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weaning, the fat content of commercial cat food remains
relatively high (25%) compared with that consumed by
other species. This suggests that a high fatty acid oxidative
capacity must be developed after birth, and sustained
capacity is required given the relatively high-fat diet of
the carnivore postweaning. Furthermore, studies with adult
cats have shown a strong ability to increase fatty acid
oxidation in response to increasing dietary fat [8].

Carnitine, an essential cofactor for CPT, can be synthe-
sized de novo from trimethyl-lysine (see Ref. [9]) or may be
consumed in the diet. Plants are essentially devoid of
carnitine, but animal products (especially meat) are rich in
carnitine [9]. De novo synthesis is inadequate in human
neonates, resulting in low plasma carnitine concentrations in
premature infants [10]. Therefore, dietary carnitine supple-
mentation is advocated for infants and, similarly, may be
beneficial for domestic livestock species [11-13]. Studies
examining systemic carnitine distribution have shown that
concentrations vary widely depending on age [14], tissue
[15], physiological status [16], species [17] and dietary
carnitine content [18]. Carnitine concentrations in 10-week-
old kittens and adult cats were similar to values observed in
other animals [19,20]; however, a full ontogeny, especially
during the neonatal period, has not been reported.

In the present study, we have analyzed the kinetics
(Vmax and K., for carnitine) of CPT and carnitine con-
centrations in liver and skeletal muscle homogenates
throughout the development of the domestic felid, spanning
from the early postnatal period, through weaning, and into
adulthood. The relationship between CPT K, for carnitine
and carnitine concentrations also was evaluated to gain in-
sight into the metabolic need for carnitine vs. the supply
via the diet and/or de novo biosynthesis.

2. Methods and materials
2.1. Chemicals

L-[N-methyl-*H]-Carnitine (60 Ci/mmol) and [1-'*C]-
acetyl-CoA (4 mCi/mmol) were purchased from American
Radiolabeled Chemicals (St. Louis, MO). Palmitoyl-CoA,
acetyl-CoA, carnitine acetyltransferase (Enzyme Commis-
sion No. 2.3.1.7), L-carnitine and other chemicals were
purchased from Sigma-Aldrich (St. Louis, MO).

2.2. Sample preparation

Timed-pregnant, domestic short-haired cats were housed
in standard cat cages designed to meet PHS and AAALAC
housing criteria. Cats were fed commercial cat foods (The
Iams, Dayton, OH) formulated to exceed published NRC
nutrient requirements [21]. Food and water were offered ad
libitum. Liver and skeletal muscle tissues were collected
from newborn, 24-h, 3-, 6-, 9-week-old and adult cats
(n=6-12 per age group). Fresh tissues were frozen in liquid
nitrogen immediately after sampling and stored at —80°C
until analysis.

2.3. Carnitine palmitoyltransferase analysis

Using a hand-driven ground-glass tissue grinder, tissues
(1 g for liver and 0.3 g for muscle) were homogenized with
four volumes of a medium containing 220 mM mannitol,
70 mM sucrose, 2 mM HEPES and 0.1 mM EDTA (pH 7.2
at 4°C). The whole tissue homogenates were used directly
for CPT (Enzyme Commission No. 2.3.1.21) analysis. The
enzyme analyses were conducted at 30°C as described by
Bremer et al. [22], over a range of carnitine from 0 to
2.5 mM. Briefly, homogenates (50 pL) were preincubated
for 3 min in 0.95 ml of a reaction medium containing 75 mM
KCl, 50 mM mannitol, 25 mM HEPES, 0.2 mM EGTA,
2.0 mM KCN, 1% fatty acid free bovine serum albumin
(BSA), 1 mM dithiothreitol and a saturating concentration
(80 uM) of palmitoyl-CoA. The reaction was started by
addition of L-[methyl-3 H]-carnitine (50 pL, 4.5 pCi/umol)
and terminated by addition of 6% HClO4 (2 ml) after 6 min
of incubation. The labeled palmitoyl-carnitine generated
from the reaction was extracted using water-saturated
butanol and quantified using liquid scintillation spectrom-
etry (Model LS 6500, Beckman Instruments, Fullerton,
CA), with correction for the time-zero control. The specific
activity of CPT was expressed as nmol/(min g wet tissue).
The apparent kinetic constants of CPT (V.. and carnitine-
K.,) were calculated using the iterative NLIN procedure of
SAS [23], according to the Michaelis—Menten equation,

Vi = Vinax[s]/ (Km + [s]) (1)

where V;=initial velocity, V.x=maximal velocity, K=
Michaelis constant and s =substrate concentration.

2.4. Carnitine analysis

Carnitine and carnitine esters were quantified by the
enzymatic radioisotope method of McGary and Foster [24]
with some modifications as described by Bhuiyan et al.
[25]. Tissue-free carnitine and carnitine esters were ex-
tracted with perchloric acid as described by Lin and Odle
[5]. The extracted supernatants were incubated in 0.5 ml of
HEPES-EDTA buffer (pH 7.3) with 25.5 nmol [1-"*C]-
acetyl-CoA (1 pCi/umol), 2 umol N-ethylmaleimide and
1 TU carnitine acetyltransferase at 25°C for 30 min. The
reaction mixture was then loaded on a 5X50-mm column
packed with AG 1x8 resin (100-200 mesh, chloride form;
Bio-Rad, Richmond, CA). Acetyl-carnitine produced from
the reaction was separated on the column and eluted with
4 ml of water. Radioactivity in the column eluate was
measured via liquid scintillation spectrometry (Model LS
6500, Beckman Instruments). Short- and long-chain acyl-
carnitines were quantified as described above after alkaline
hydrolysis [5].

2.5. Statistics

All data from calculations using the NLIN procedure of
SAS and from chemical analyses were subjected to analysis
of variance based on a completely randomized design using
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the general linear model (GLM) procedure of SAS
(Statistical Analysis System, Cary, NC) [23]. Values were
expressed as means*pooled SE, and differences were
considered significant when P <.05.

3. Results
3.1. Carnitine palmitoyltransferase activity

The specific activity of CPT (assayed with saturating
concentrations of carnitine and palmitoyl-CoA) measured in
liver tissue increased with age from newborn to 6 weeks and
decreased gradually after 6 weeks (Fig. 1, top panel). The
maximal enzyme activity measured in cats > 6 weeks of age
was about twofold greater than that in newborns (P <.05;
Table 1). No differences were detected among animals older
than 24 h, indicating that the greatest increase occurred
during the first day of life. In contrast, the specific activity
of CPT measured in skeletal muscle tissue remained low
during the neonatal period and started increasing from 3 to 9
weeks (Fig. 1, bottom panel). The maximal activity
observed at 9 weeks of age was twofold higher than the
activity in neonates (newborn and 24 h) or adults (P < .05;
Table 1). There were no differences detected between
neonates and adults. The maximal specific activities
obtained from muscle [150-334 nmol/(min g wet tissue)]
were 50—70% greater than that observed in liver [100—196
nmol/(min g wet tissue)]. The apparent kinetic parameter,
K., for carnitine, did not significantly change during
development in either liver or skeletal muscle (Table 1),
with values ranging from 372 to 534 uM. Total liver CPT
activity increased linearly with age (P <.0001; Fig. 2) and
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Fig. 1. Changes in carnitine palmitoyltransferase activity in liver (top panel)
and skeletal muscle (bottom panel) during feline development and kinetic
response to carnitine concentration. Values are means+SE, n=6-7.

Table 1
Apparent kinetic constants (V. and K, for carnitine) of carnitine
palmitoyltransferase in liver and skeletal muscle of developing cats'

Age Liver Muscle

V inax, nmol/(min g wet tissue)

Newborn 100.0+£22.1° 177.5+48.8"
24 h 139.84+22.1%° 150.6+48.8*
3 weeks 154.6+£26.1° 197.14£52.7%°
6 weeks 196.0+23.8° 297.1452.7%°
9 weeks 195.4+23.8" 334.1+48.8°
Adult 178.8+23.8° 156.4+48.8°
Apparent K, for carnitine, uM

Newborn 431.4+59.3 457.1+£82.8
24 h 527.5+59.3 534.3+82.8

3 weeks 428.0+£70.2 441.7+89.5

6 weeks 435.0+64.1 371.7+89.5

9 weeks 437.7+64.1 431.4+82.8
Adult 438.3+64.1 4243+82.8

& Values within a column lacking a common letter differ, P <.05.
! Values are means+SE (1=6-7). Vs and K, were derived from
data in Fig. 1 using the iterative NLIN procedure of SAS [23].

was correlated strongly with liver weight (r=.9). Indeed,
total liver CPT activity measured in adult cats was 3-20
times greater than that in juveniles. When scaled per body
weight, hepatic CPT activity increased from birth to 3
weeks, but remained relatively stable through 9 weeks and
then declined in adults.

3.2. Carnitine concentrations

Free carnitine concentration determined in liver tissue
remained relatively constant during development from birth
to 9 weeks (Table 2); however, the concentration from 3 and 9
weeks (438 nmol/g wet tissue) was on average 80% greater
than that observed in adult cats (230 nmol/g wet tissue). There
were no significant differences among the differently aged
cats for short- and long-chain acylcarnitine in hepatic tissue.
Thus, the concentrations of total hepatic carnitine did not
change in kittens from birth to 9 weeks (426—582 nmol/g wet
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Fig. 2. Relationship between total hepatic CPT-specific activity and cat age.
Values are means+SE, n=6-7.
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Table 2

Free and acyl-carnitine concentrations in liver and skeletal muscle of developing cats'

Short-chain acylcarnitine

Long-chain acylcarnitine Total carnitine

Age n Free carnitine

Liver, nmol/g wet tissue

Newborn 12 384.5+46.7%° 78.3+20.2
24 h 10 373.7+49.0™° 79.5+£21.2
3 weeks 6 433.0+£63.3" 242+27.4
6 weeks 7 330.3+58.9%° 54.8+£25.3
9 weeks 6 442.2+63.3* 85.2+27.4
Adult 8 230.6+54.8" 31.0£23.7
Muscle, nmol/g wet tissue

Newborn 9 243.2+76.8% 60.7+£72.6*
24 h 7 232.9+87.1% 106.5+82.3*
3 weeks 8 414.6+81.5" 193.8+77.0*°
6 weeks 8 894.7+81.5° 78.2+77.0%
9 weeks 8 865.6+81.5 370.24+77.0°
Adult 7 1237.9+87.1°¢ 791.1+£82.3°

60.2+8.0 523.0+53.3°
49.9+8.4 503.1+55.9°
31.4+10.8 477.8+72.1%°
44.7+10.0 425.5+66.8°
54.9+10.8 582.3+72.1°
373494 297.8+62.5°
27.9+40.1* 331.9+109.5°
23.4+45.5° 363.0+124.2°
115.1+42.6™° 723.5+116.1°
267.6+42.6° 1240.5+116.1°

201.1+42.6°¢
201.4+45.5%¢

1436.9+116.1°
2230.4+124.2¢

abed yalues within a column lacking a common letter differ, P <.05.
! Values are means+SE, 7 =number of observations.

tissue), but the concentrations were greater in neonates
(newborn and 24 h) and 9-week-old animals than in adults
(298 nmol/g wet tissue). There was no difference in the ratio
of free/total carnitine (FC/TC) and acylcarnitine/free carni-
tine (AC/FC) in liver at any age (Table 3).

Concentrations of free and total carnitine in skeletal
muscle tissue were low at birth, but increased markedly
after 24 h (Table 2). By 6 weeks, the concentration of free
carnitine reached 895 nmol/g wet tissue and was four times
greater than the concentration in newborns ( P<.05; Table 2).
Even so, the concentration was 30% less in these young cats
than in adults (1238 nmol/g wet tissue). The concentration
of short-chain acylcarnitine increased progressively with
age (from 60 in newborn to 790 in adult), except that
the concentration observed at 6 weeks (78 nmol/g wet
tissue) was similar to concentrations in the newborn. The
concentration of short-chain acylcarnitine in adults was
sevenfold greater than that in juveniles from birth to

Table 3
Concentration ratios of free/total carnitine (FC/TC) and acyl/free carnitine
(AC/FC) in liver and skeletal muscle of developing cats'

Age n FC/TC AC/FC
Liver

Newborn 12 0.74+0.04 0.44+0.09
24 h 10 0.75+0.04 0.35+0.09

3 weeks 6 0.88+0.06 0.16+0.12

6 weeks 7 0.7940.05 0.3340.11

9 weeks 6 0.75+0.06 0.41+0.12
Adult 8 0.77+0.05 0.3340.10
Muscle

Newborn 9 0.76+0.06 0.39+0.18°
24 h 7 0.65+0.07*° 0.64+0.20*°
3 weeks 8 0.6240.06™° 0.85+0.19*°
6 weeks 8 0.7440.06* 0.4240.19*°
9 weeks 8 0.6340.06™° 0.68+0.19*°
Adult 7 0.5440.07° 1.01+0.20°

2 Values within a column lacking a common letter differ, P <.05.
! Values are means+SE, n =number of observations.

6 weeks of age and two times greater than in 9-week-old
animals. Concentrations of long-chain acylcarnitine also
increased after birth, but remained constant after 6 weeks of
age. The ratio of FC/TC remained relatively stable from
birth to 9 weeks (0.63-0.76), but was 26% greater than the
ratio in adults (0.54; Table 3). The ratio of AC/FC in adult
cats was 2.5 times greater than in newborns, but no
differences were observed among other ages. Compared
with liver, FC and TC concentrations measured in skeletal
muscle were lower during the first 24 h, but were
significantly higher after 3 weeks.

4. Discussion

To our knowledge, the activity and kinetic properties of
CPT have not been determined in the developing domestic
felid. The maximal liver CPT activity increased 40% in 24 h
after birth, 55% in 3 weeks and 96% in 6 weeks. The in-
crease was consistent with the CPT I activity observed in
isolated mitochondria from other species such as rats [1],
rabbits [3], pigs [2] and dogs [5]. Although the increase in
CPT-specific activity was strongest early in development,
the affinity of the enzyme for carnitine (K,,) did not change.
Rodent studies have suggested that the postnatal increase in
CPT I-specific activity may be due to induction of the gene
encoding this enzyme [26]. Indeed, the concentration of the
enzyme protein and CPT I mRNA increased sevenfold at
birth and remained elevated during the suckling period. In
contrast with CPT I, the specific activity and mRNA
abundance of CPT II remained relatively constant. Further-
more, the elevation of CPT I mRNA and concomitant
increase in specific activity were correlated with increased
dietary fat content. The postnatal period represents a stage in
which hormones and nutrients change dramatically. Milk fat
content increases progressively throughout lactation in the
cat [7]. Therefore, we speculate that the developmental
increase in CPT-specific activity observed in cats may
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likewise be due to induction of CPT I gene expression,
stemming from an increase in dietary fat. However, differ-
ences in ontogenic profile of CPT were observed for cats
compared with those of other species. In rodents [4] and
dogs [5], CPT-specific activity decreased greatly during late
suckling and at weaning, which was not observed for cats in
the present study. The change in enzyme-specific activity at
the suckling—weaning transition is likely triggered by the
abrupt change in nutrient profile from a relatively high-fat
milk diet to a lower-fat solid food. Transcription of CPT 1
remained high when rats were weaned to a high fat diet,
whereas weaning to a high carbohydrate (low fat) diet
resulted in reduced CPT I mRNA [26]. Because cats are true
carnivores, dietary fat remains relatively high (and carbo-
hydrate low), even after weaning [7]. Therefore, we
consider that the maintenance of high CPT-specific activity
in the felid after weaning (Fig. 2) is related to the sustained
intake of dietary fat. Total hepatic CPT activity increased
linearly with age due to the corresponding increase in liver
weight with age. When the liver reached mature size, the
total hepatic activity (scaled per body weight) decreased
significantly, implying that the proportion of hepatic fatty
acid oxidation declined in the adult cats compared with
developing juveniles.

Compared with the maximal specific activity of liver
CPT, muscle CPT was lower in the newborn, but increased
significantly after 24 h. The increase remained until 9 weeks
and was not affected by the suckling—weaning transition
that occurred between 3 and 6 weeks. This is consistent
with our previous report in dogs [5]. The muscle isoform of
CPT I is distinct from the liver isoform [27], being about
60% homologous based on amino acid sequence [28].
Functionally, the muscle isoform has a higher K, for
carnitine and is more sensitive to malonyl-CoA inhibition,
but the sensitivity is not altered by insulin and thyroid
hormone [29]. In addition, the muscle isoform is less
responsive to changes in nutritional status [30]. Dietary
fatty acids during the suckling period did not affect the
mRNA abundance of the enzyme in skeletal muscle, nor
was it altered when rats were weaned onto low- or high-fat
diets [29]. Therefore, the specific activity of CPT observed
in cat (this study) and dog [5] skeletal muscle during
postnatal development is in accord with the muscle isoform
of CPT I gene expression reported in developing rats. This
suggests that the regulation of muscle CPT I throughout
development is different from the liver isoform. Also, the
muscle mass of the cat expands quickly after 1 week of
birth, which is congruent with the accumulation of muscle
carnitine. Collectively, these observations indicate that the
postnatal development of muscle CPT is associated with
the physical growth of skeletal muscle and may be
important in supplying energy (from fat oxidation) required
to fuel growth.

Free carnitine and total carnitine concentrations in liver
tissue remained relatively constant throughout the develop-
ment of the felid. This profile contrasts that of developing

rats [14] and dogs [5], but is very close to observations made
in humans [15]. Because carnitine synthesis by neonates is
limited due to low activity of butyrobetaine hydroxylase
[10], tissue carnitine concentrations in the neonate are
dependent on dietary carnitine (e.g., milk [31]). In rats, only
26% of the total carnitine originated from de novo synthesis
from birth to 3 weeks, during which the contribution from
milk carnitine increased greatly [18]. Thus, differences in
liver carnitine concentration between felids and other species
during early development may reflect carnitine concentration
differences in the mother’s milk as well as the development
of butyrobetaine hydroxylase; however, neither milk carni-
tine nor butyrobetaine hydroxylase has been reported in cats.
In addition, we observed that the carnitine concentration in
liver from adult cats was only half that of developing
juveniles. The adult feline hepatic carnitine concentrations
were lower than the values reported by Jacobs et al. [19,20]
and also lower than concentrations observed in adult dogs
[5]. Milk carnitine may be derived primarily from maternal
liver stores, because hepatic carnitine concentrations de-
crease dramatically during lactation [14]. We believe this to
be the reason for the low hepatic concentrations in our adult
samples, which were drawn from females at the end of
lactation. The FC/TC and AC/FC ratios in plasma have been
used for evaluating carnitine status, and values less than 0.7
for FC/TC and greater than 0.4 for AC/FC are considered to
be abnormal [32]. Values for FC/TC and AC/FC ratios
obtained from liver tissue in this study fell within this nor-
mal range.

Carnitine concentrations in cat skeletal muscle increased
substantially with age. Similar results were reported in
developing humans [15] and dogs [5], as skeletal muscle is
the predominant body pool in all species, regardless of age
[33], and is incapable of de novo carnitine synthesis.
However, the concentration in skeletal muscle does not
necessarily reflect plasma carnitine status, and there is no
evidence indicating that skeletal muscle carnitine buffers
plasma carnitine levels [19]. The large increase in skeletal
muscle carnitine with age may be related to an increased
capacity for carnitine uptake and retention, as well as the
rapid hypertrophy of muscle tissue during growth. Skeletal
muscle carnitine also has a longer turnover time compared
with that in liver [9]. In addition, the AC/FC ratio in tissue is
an index of the physiological state of metabolism, with a
higher percentage of AC being correlated with higher fatty
acid oxidative metabolism. The higher proportion of AC,
especially for short-chain acylcarnitine obtained in neonatal
and young cats, was consistent with the observations
reported in earlier studies with cats [19] and dogs [5].
Therefore, the high percentage of AC may be due to a
higher fatty acid oxidation rate occurring after birth, which
has been observed also in rats, rabbits and pigs [34].
Furthermore, we noticed that the ratios of FC/TC in cats
after 24-h were lower than 0.7, and the ratios of AC/TC
were greater than 0.4. The latter was at least partially
associated with the high percentage of AC measured in the
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tissue. Because concentrations of carnitine and carnitine
esters in plasma and muscle have no correlation [19],
whether a low ratio of FC/TC or a high ratio of AC/FC in
muscle is indicative of abnormal metabolism or carnitine
insufficiency will require further investigation.

Carnitine status has been studied extensively in adult
animals and developing human neonates. However, only in
few cases [5,12,35] have tissue carnitine concentrations
been compared with the CPT K, for carnitine as a
physiological basis for determining carnitine status/suffi-
ciency. Depending on species and physiological status,
tissue carnitine concentrations in adult animals can vary
dramatically. Markedly different concentrations of carnitine
might reflect the different requirements of CPT 1 for this
substrate [36]. Further study of various tissues from adult
animals of multiple species [35] found that tissue carnitine
concentrations for any tissue studied were higher than the
respective K, of CPT I for carnitine, which was consider-
ably higher than the concentration found necessary for half-
maximal rates of overall fatty acid oxidation. The results
demonstrated that the activity of CPT I was not limited by
the carnitine availability of adult animals under normal
physiological status. Recently, we evaluated the relationship
between carnitine status and CPT-specific activity in liver
and skeletal muscle during canine development, and found
that CPT activity may be limited by carnitine availability
around the time of weaning [5]. The present study used
similar techniques to evaluate the relationship between
carnitine K, and carnitine status in cats. The results show
that concentrations of FC were similar to or lower than the
values of apparent K, for carnitine, but the concentrations
were significantly higher than the K, for carnitine in liver
from newborn, 3- and 9-week-old cats, and in muscle from 3
weeks to adulthood (Figs. 3 and 4). These findings are
consistent with the results reported in other adult animal
tissues by McGarry et al. [34,35], suggesting that young,
growing cats are able to obtain enough carnitine to support
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their requirement for the total CPT activity during develop-
ment. However, we noticed that the concentration of FC and
TC in liver tended to decrease at 6 weeks, and the value of
FC was close to the value of apparent K, for carnitine.
Because milk is the primary source of carnitine during the
neonatal period, the decrease might be due to a reduction of
carnitine content in the milk near the end of lactation, which
itself may be associated with the low level of hepatic
carnitine observed in lactating adult. This might be
indicative of a risk for carnitine insufficiency in liver during
late lactation.

In addition, differences existed in liver and skeletal
muscle tissue between neonatal cats and the adult female.
First, in neonatal cats, the carnitine concentration was equal
to (FC) or higher (TC) than the CPT K, for carnitine in liver
tissue, but the concentrations were significantly lower than
the CPT K, for carnitine in muscle. This phenomenon could
be caused by low concentrations of carnitine in circulation
and/or by a limited carnitine uptake capacity by skeletal
muscle prior to birth. Furthermore, this might be related to
the difference in fatty acid oxidative development between
the two tissues (liver and muscle) because CPT-specific
activity in skeletal muscle did not change greatly during the
neonatal period. Second, in the adult female a reversed
pattern was observed. The concentration of carnitine was
lower than the CPT K, in liver tissue, but was much higher
than the CPT K, in muscle tissue. This was probably due to
carnitine transfer from liver to milk after birth, resulting in a
depletion of hepatic carnitine. Apparently, the depletion
could not be compensated for by carnitine in the muscle,
despite carnitine accumulation in the muscle. This is
supported by the conspicuous lack of correlation between
muscle and plasma carnitine [19].

Beyond supplementation of carnitine in support of
normal growth and development, recent studies on hepatic
lipidosis in felids have shown some favorable response to
supplemental carnitine [37-39]. The mechanisms underly-
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ing this disorder likely involve increased fatty acid
transport to the liver, increased triacylglycerol synthesis,
decreased fatty acid oxidation and decreased release of very
low density lipoprotein from the liver [40,41]. Insofar as
carnitine is necessary for fat oxidation, its clinical efficacy
in treating this important feline disorder will await fur-
ther investigation.

In summary, the data reported in this study show that
CPT-specific activity increased with age of the domestic
felid. The developmental pattern of the enzyme showed
only a minor difference between liver and muscle tissue.
The CPT-specific activity peaked at 6 weeks in liver and
9 weeks in skeletal muscle, suggesting that the increase of
fatty acid oxidative capacity occurring in skeletal muscle
was delayed as compared to that in liver. The CPT K, for
carnitine remained relatively constant for both liver and
skeletal muscle, although specific activity of the enzyme
increased greatly in both tissues. Carnitine status in liver
did not vary much during development, but the concen-
trations of FC and TC decreased after 6 weeks, and the FC
was close to the CPT K, for carnitine. This may be
associated with a depletion of liver carnitine in late
lactation in which the FC and TC concentration was about
60% lower than the CPT K,, for carnitine. The concen-
trations of FC and TC in skeletal muscle increased greatly
with age and were significantly higher than the CPT K, for
carnitine after 3 weeks, but the proportion of acylcarnitine
was especially high in the adults. Collectively, we infer that
supplementation of carnitine to the maternal diet may
benefit both the developing juveniles as well as the
lactating mother.
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