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Summary 

This study assessed the tissue reserves of carnitine a t  birth in 
a group of neonates (n = 22) of varying gestational age dying 
within 24 h of birth, prior to possible changes in carnitine status 
induced by postnatal intervention. Tissue carnitine concentration 
was highest in the muscle in each infant. The mean ( f  SD)  muscle 
carnitine concentration of 8.4 2 3.6 nmol/mg noncollagen protein 
(NCP) in very immature infants ( ~ 1 0 0 0  g birth weight) was 
significantly lower than the corresponding mean ( f S D )  values of 
14.0 + 3.2 nmol/mg NCP in larger preterm infants (1001-2500 
g; P < 0.01) and 19.4 f 2.6 nmol/mg NCP in term infants (32501 
g; P < 0.001). Muscle carnitine concentration correlated posi- 
tively with gestational age (r = 0.832; P < 0.001) and with body 
dimensions. 1,iver and heart carnitine concentrations did not 
correlate significantly with gestation or body dimensions. The 
mean ( f S D )  liver carnitine concentration for all the neonates a s  
a group was 4.1 + 1.5 nmol/mg NCP. The mean (+SD) heart 
carnitine concentration was 4.7 f 1.3 nmol/mg NCP. 

In comparison to adult controls, tissue carnitine concentrations 
were markedly lower in neonates, particularly in immature new- 
borns. These data suggest that newborn infants, especially pre- 
mature babies, are born with limited tissue reserves of carnitine 
and are  therefore at  an increased risk for developing carnitine 
deficiency and its adverse effects in the postnatal period, partic- 
ularly if maintained on carnitine-free intravenous nutrition for 
prolonged periods of time. 

Abbreviation 

NCP, noncollagen protein 

Carnitine, 8-OH-7-trimethylaminobutyric acid, is a quater- 
nary amine that plays an essential role in the oxidation of long 
chain fatty acids by facilitating their transport across the inner 
mitochondria] membrane (3). Adequate blood and tissue con- 
centrations of carnitine may be important in enhancing utiliza- 
tion of fat and energy, and in promoting growth in neonates. We 
have previously shown that, at birth, the concentrations of car- 
nitine in blood are higher in preterm infants than in neonates of 
term gestation, probably reflecting enhanced transplacental ac- 
quisition or decreased tissue uptake of carnitine in the preterm 
period (16). This study assessed the tissue reserves of carnitine at 
birth in a group of neonates dying within 24 h of birth, prior to 
possible changes in carnitine status induced by postnatal nutri- 
tional manipulation or therapeutic intervention. 

MATERIALS AND METHODS 

Subjects. Tissue samples were obtained at autopsy from 22 
neonates who expired in the neonatal intensive care unit at 
Vanderbilt Medical Center. The clinical characteristics of infants 
are summarized in Table 1. These infants (male = 9, female = 
13) were 22 to 41 weeks in gestation (mean f SD; 29.0 + 5.0 
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weeks). Their birth weights ranged from 470 to 3580 g (mean + 
SD; 1302 t 839 g). Fifteen infants were born within the hospital; 
the remainder were transferred from other hospitals within 4 h 
of birth. Seventeen infants were white; the remainder were black. 
None of the infants showed evidence of growth retardation or 
congenital anomalies. Multiple births were excluded from .the 
study. Death occurred within 24 h of birth in all cases. Massive 
intraventricular hemorrhage was the predominant cause of death 
in preterm neonates. Death was secondary to severe birth as- 
phyxia in term neonates. None of the infants received exogenous 
carnitine during their brief postnatal life. Only intravenous glu- 
cose solution was provided during this period. 

Azltopsyprocedures. Permission for a full autopsy was obtained 
from the parents in each case. The autopsy was performed within 
12 h of death in all cases. Tissue carnitine concentrations are 
reported to remain unchanged in autopsy specimens up to 72 h 
after death (10). Muscle tissue was obtained from the right and/ 
or left psoas muscle. Liver tissue was obtained from the central 
portion of the right lobe. Myocardial tissue was obtained from 
the apex of the heart. The tissues were placed in separate, labeled, 
tightly capped plastic containers protected from direct light and 
frozen at -60°C until analysis. 

Cllernicnl proced~lres. Tissue carnitine concentrations were 
measured by modification (16) of the method of Cederblad and 
Lindstedt (5). Noncollagen protein was solubilized by the method 
of Lilienthal et 01. (1 2) and the concentration was assayed by the 
microbiuret method (I 1). The results are expressed as nmol/mg 
NCP and nmol/g wet weight. The values represent total carnitine 
concentrations. 

Statrstlcal analysi.5. Statistical analyses (mean, standard devia- 
tion, linear regression, correlation coefficient, and Student's t 
test) were performed by using a Hewlett-Packard HP-55 Ipro- 
grammable calculator. 

RESULTS 

Among the tissues analyzed, the highest carnitine concentra- 
tion was found in the muscle in each infant. The mean muscle 
carnitine concentration (Table 2) was significantly lower in very 
immature infants (< 1000 g birth weight) than in larger preterm 
infants (1001-2500 g; P < 0.01), and than in infants of term 
gestation (a2501 g; P < 0.001). Linear regression analysis (Fig. 
1) showed a significant positive correlation between muscle 
carnitine and gestational age ( r  = 0.832; P < 0.001). Likewise, 
muscle carnitine concentration correlated positively with birth- 
weight ( r  = 0.746; P < 0.001), occipitofrontal circumference ( r  
= 0.791; P < 0.001), and crown-heel length ( I '  = 0.794, P < 
0.00 1). The mean (+SD) muscle carnitine concentration of 12.8 
+ 6.9 nmol/mg NCP in male infants did not differ significantly 
from the corresponding mean ( t S D )  value of 1 1.8 + 3.6 nmol/ 
mg NCP in female infants. Likewise, the mean (kSD) values for 
muscle carnitine did not differ significantly between white ( 10.2 
t 4.3 nmol/mg NCP) and black (8.2 -t 3.5 nmol/mg NCP) 
infants when matched for gestational age. 
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Table 1. Clinical characteristics of neonates 
-- ---- 

Group 
-. -- - 

51000 g 1001-25OOg 22501 g 

n 
Birth welght (g) 
Occipltofrontal circumference (cm) 
Length (cm) 
Gestation (wk) 
Inborn/outborn 
Malelfemale 
White/black 
- - -- - 

* Mean + SD. 

Table 2. Tissue curnitine concentrations in neonates 
- 

Group 51000g 1001-2500g 22501g 
- 

Muscle 
n~nol/mg NCP 8.4 + 3.6 14.0 + 3.2 19.4 t 2.6 
nmol/gwetweight 8 1 7 + 4 1 4  1 4 6 3 2 4 4 4  2168+468 

Liver 
nmol/mg NCP 3.9 + 1.4 4.2 a 1.5 4.6 t 1.8 
nmol/g wet weight 474 +. 172 495 + 134 489 + 155 

Heart 
nmol/mg NCP 5.0 + 1.3 4.3 + 1.4 5.6 + 0.8 
nmol/g wet weight 498 + 188 458 + 162 543 + 98 

-- 

The mean liver carnitine concentrations in very immature. 
larger preterm, and term infants did not differ significantly 
among the groups (Table 2). The mean (+SD) value for all the 
neonates as a group was 4.1 + 1.5 nmol/mg NCP (485 + 147 
nmol/g wet weight). The mean (+SD) liver carnitine concentra- 
tion of 3.1 + 0.9 nn~ol/mg NCP in male infants was significantly 
lower than the corresponding mean (+SD) value of 4.9 + 1.4 
nmol/mg NCP in female infants (P < 0.01). The mean (+-SD) 
values for liver carnitine did not differ significantly between 
white (3.7 + 0.9 nmol/mg NCP) and black (4.0 + 1.9 nmol/mg 
NCP) infants when matched for gestational age. Linear regression 
analysis did not show a significant correlation between liver 
carnitine and gestational age or body dimensions. 

The mean heart carnitine concentrations in very immature, 
larger preterm. and term infants did not differ significantly 

r = 0.832 
p < 0.001 5 ~ " 1 1 , 1 1 , 1 ~ ,  

0 
2 2 26 3 0  34 38 42 

GESTATION ( w e e k s )  

Fig. 1 .  Muscle carnitine concentrations plotted against gestational 
age. Regression is statistically significant ( r  = 0.832; P< 0.001; regression 
equation: 1. = 0.84s + 18.84). 

among the groups (Table 2). The mean (+SD) value for all the 
neonates as a group was 4.7 + 1.3 nmol/mg NCP (484 + 165 
nmol/g wet weight). The mean (+SD) values for heart carnitine 
did not differ significantly with respect to sex (male: 4.9 + 1.4; 
female: 4.6 + 1.3 nmol/mg NCP) or race (white: 5.0 + 1.4; black: 
4.6 + 1.3 nmol/mg NCP) when infants were matched for gesta- 
tional age. Linear regression analysis did not show a significant 
correlation between heart carnitine and gestational age or body 
dimensions. No significant correlations were observed when 
individual tissue carnitine concentrations were analyzed by linear 
regression for intertissue relationships. 

DISCUSSION 

Carnitine is stored mainly in the skeletal muscle, although 
other tissues such as the heart, adrenal gland, liver, and adipose 
tissue contain significant amounts of carnitine (13). Normal 
concentration (mean + SD) of muscle carnitine measured by our 
laboratory in healthy adult humans with histologically normal 
muscle biopsies is 27.0 + 7.3 nmol/mg NCP (n = 22) for males 
and 20.3 + 5.9 nmol/mg NCP (n = 16) for females. Similar 
studies are lacking in neonates, older infants, and children. This 
study provides new data on muscle carnitine reserves of neonates 
at birth, prior to possible changes in carnitine status induced by 
postnatal intervention. 

The data suggest that muscle is the principal site of carnitine 
storage in neonates as it is in adults. Muscle carnitine stores 
increase with advancing gestation during fetal life. This obser- 
vation may be a reflection of increased availability of carnitine 
through transplacental acquisition or endogenous synthesis, en- 
hanced tissue uptake and storage of carnitine, or decreased 
utilization of carnitine with advancing maturation during fetal 
life. In comparison to adult controls, the muscle carnitine con- 
centrations are markedly lower in neonates, particularly in im- 
mature newborns. The potential ability of preterm neonates to 
offset an inadequate carnitine intake in the postnatal period may 
therefore be poor. A progressive decline in muscle carnitine 
concentration has been observed within about 2 weeks of post- 
natal life in preterm neonates maintained on carnitine-free intra- 
venous nutrition (14). Our laboratory has shown that the muscle 
carnitine concentrations of the rat normally increase significantly 
from birth to weaning (4). 

The principal site of carnitine synthesis from the amino acids 
lysine and methionine is believed to be the liver, although other 
tissues such as the kidney are capable of carnitine synthesis in 
certain animal species and in humans (2, 15). Liver carnitine 
concentration is largely determined by the rate of synthesis of 
carnitine and its release to the peripheral tissues. Hepatic y- 
butyrobetaine hydroxylase enzyme activity is often used as a 
measure of the capacity for carnitine synthesis (2). The release 
of carnitine from the liver to the peripheral tissues remains 
uninvestigated in humans. Normal concentration (mean + SD) 
of liver carnitine measured by our laboratory in histologically 
normal liver tissues obtained at autopsy in adults is 7.8 + 3.1 
nmol/mg NCP (n = 5). In comparison to these adult controls, 
the liver carnitine concentrations are markedly lower in newborn 
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infants irrespective of their gestational age. This difference may 
be attributed to the limited capacity of neonates for endogenous 
synthesis of carnitine. There is evidence to suggest that hepatic 
y-butyrobetaine hydroxylase enzyme activity is age dependent. 
Studies in rats have shown that the ability of the liver to synthe- 
size carnitine from y-butyrobetaine increases from low values in 
the fetus to adult values on the 8th day after birth (9). Studies 
from a limited number of young infants indicate that the hepatic 
y-butyrobetaine hydroxylase enzyme activity is only 12% of the 
normal adult activity (15). The difference in liver carnitine 
concentrations between males and females observed in this study 
remains unexplained. 

Muscle weakness and clinical symptoms consistent with hy- 
poglycemia are the predominant features associated with carni- 
tine deficiency in humans (6, 8). Cardiac enlargement accom- 
panied by congestive heart failure, which may prove to be fatal 
has been noted in occasional patients with carnitine deficiency 
(7). Tripp et al. (17) have described a family in which cardio- 
myopathy secondary to endocardia1 fibroelastosis and systemic 
carnitine deficiency occurred in a number of offspring. These 
implications of cardiac involvement in syndromes of carnitine 
deficiency highlight the need to establish normal ranges for heart 
carnitine concentration in humans. This study provides new data 
on heart carnitine concentrations in a large number of neonates 
of varying gestation. Normal concentration (mean + SD) of heart 
carnitine measured by our laboratory in histologically normal 
heart tissues obtained at autopsy in adults is 9.3 + 5.4 nmol/mg 
NCP (n = 6). In comparison to these adult controls, the heart 
carnitine concentrations are markedly lower in newborn infants 
irrespective of their gestational age. This difference is probably a 
reflection of varying maturation. Carnitine concentrations are 
low in the heart of the rat at birth, but increase during the 
suckling period (4). Likewise, carnitine levels in cardiac muscle 
are reported to increase during normal human development (1). 
On the contrary, a progressive decline in cardiac carnitine con- 
centration has been reported within about 2 weeks of postnatal 
life in preterm neonates maintained on carnitine-free intravenous 
nutrition (14). 

In summary, we have measured tissue carnitine concentrations 
in neonates of varying gestation dying within 24 h of birth. The 
data suggest that these infants, especially those of preterm gesta- 
tion, are born with limited tissue reserves of carnitine and are 
therefore at an increased risk for developing carnitine deficiency 
and its adverse effects in the postnatal period, particularly if 

maintained on carnitine-free intravenous nutrition for prolonged 
periods of time. 
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