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ABSTRACT. Two patients requiring total parenteral nutri-
tion for 34 and 39 months, had plasma and urinary carnitine
assays and plasma lipid assays performed before and during
intravenous administration of 400 mg (2500 umol) of L-carni-
tine for 7 days, followed by 40 mg (240 umol) daily continuously.
One patient had generalized lethargy and weakness which
resolved within the first 5 days of carnitine administration.
The plasma-free carnitine levels in this patient rose signifi-
cantly. The other patient was asymptomatic and while there

was no significant change in the plasma-free carnitine levels
during carnitine administration, this patient remained in pos-
itive carnitine balance throughout the study. There were no
significant changes in plasma lipid levels in either patient. In
adult patients requiring long-term total parenteral nutrition
who are otherwise normal, intravenous L-carnitine may be
required to supplement the patients endogenous carnitine pro-
duction. (Journal of Parenteral and Enteral Nutrition 8:717-
719, 1984)

L-Carnitine is an essential part of the shuttle which
involves carnitine acyltransferase’ and translocase®
transporting long-chain fatty acids from the cytosol
across the mitochondrial membrane to the site of 8
oxidation.” Deficiency in carnitine has been reported to
produce either a myopathic syndrome,* where there is
normal plasma and low skeletal muscle carnitine concen-
trations, or a systemic syndrome® where both plasma and
tissue concentrations of carnitine are low.

It is believed that carnitine deficiency is unlikely to
occur in healthy individuals as 16 to 20 mg (100-125
umol) can be synthesized endogenously daily in man and
60 to 75 mg (375-470 umol) is present in the normal
daily diet.® However, in premature infants and neonates
receiving total parenteral nutrition (TPN) a marked
reduction in plasma and tissue carnitine concentrations
has been described when compared to infants receiving
human milk or carnitine containing milk formulae.”™*
Furthermore, in adult surgical patients requiring TPN®'?
and in individual patients on long-term TPN'! low levels
of plasma and urinary carnitine concentrations have also
been reported, suggesting that in the absence of dietary
intake of carnitine, endogenous production of carnitine
may be insufficient for daily human needs in patients on
long-term TPN. In the absence of liver failure, however,
a clinical syndrome of carnitine deficiency has yet to be
reported in long-term TPN patients.

Following our report describing carnitine deficiency in
a patient with hepatic insufficiency on long-term TPN,*?
we investigated two patients without biochemical evi-
dence of hepatic insufficiency who had been receiving
TPN for 34 and 39 months, to determine their carnitine
balance and the effects of administering L-carnitine in-
travenously.
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PATIENTS AND METHODS

Two patients requiring prolonged TPN were managed
at home with intravenous nutrition administered during
a 10 to 12-hr period throughout the night. Both patients
had no oral intake apart from 200 to 700 ml of clear
fluids daily. Intravenous dextrose provided the major
caloric intake, and the nitrogen requirements, estimated
from urinary urea and gastrointestinal protein losses,
were supplied as Synthamin 17.* Sodium, potassium,
phosphate, calcium, magnesium, acetate, zinc, copper,
selenium, chromium, manganese, iodine, iron, vitamins
A, D, E, K, C, and B group were given in amounts
necessary to maintain normal physiological functions
and serum levels. Intralipid 10% (500 to 1000 ml) was
infused weekly to maintain the serum triene/tetrene
ratio of less than 0.2. Hepatic function before and during
the carnitine administration in both patients was normal
as assessed from plasma aspartate amino transferase,
lactic acid dehydrogenase, alkaline phosphatase, and
conjugated and total bilirubin levels measured using a
sequential multiple analyzer with computer (Technicon
Instruments Corporation, Tarrytown, NY).

The patients clinical status, caloric intake, and nitro-
gen intake are shown in Table I. The clinical symptoms
of lethargy and weakness in patient 1 had been present
for 6 months before the administration of carnitine.
Patient 2 was asymptomatic. L-carnitine 400 mg (2500
umol) of L-carnitine administered dailv continuously.
Plasma free-, short-, and long-chain acyl carnitine, uri-
nary free-, short-chain acyvi. and total acid soluble car-
nitine were measured for 3 davs prior to administration
of carnitine and on the 4th., 5th. 6th, and 7th dayv of
administration of 400 mg (2500 umol) of L-carnitine and
every 3rd day for 2 wk following the 1st wk of daily

* Synthamin 17 contains per liter: Leucine 47.3 mmol. iso-leucine
36.6 mmol, valine 39.2 mmol, lvsine 31.8 mmol, phenylalanine 37.5
mmol, methionine 38.9 mmol, tryptophan 8.8 mmol, threonine 35.3
mmol. arginine 39.7 mmol, histidine 28.4 mmol. alanine 233.5 mmol,
glycine 277 mmol, proline 36.5 mmol, and tyrosine 2.2 mmol.
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TABLE I
Clinical condition, caloric and nitrogen intake in the two long-term TPN patients
. g nitrogen as . . .
Patient Disease Clinical status Du’;aft)l (;?' of Age  Sex Wt Syntilrlamin I\onr::str;egxe:xr;iones
mo yr kg

1 Scleroderma of GIT with Generalized lethargy and 39 61 F 51 10 1620

surgical excision of all of weakness; sleeping 14—

small bowel 16 hr/day; a day; feel-

ing continually cold

2 Chronic idiopathic intestinal  No symptoms 34 24 F 60 12.1 1940

pseudoobstruction

administration of 40 mg (250 umol) of L-carnitine. This
collection regime was based on our previous studies'? in
order to ensure stable plasma and urinary carnitine
concentrations at each administration rate. Both pa-
tients consented and were informed that we would be
studying a “food additive” which was to be included in
their daily infusion; they were not informed as to its
possible clinical effects.

Plasma lipids were measured on two occasions before
the administration of L-carnitine and during the 1st wk
of the study, then weekly during the next 3 wk. Venous
blood samples were collected just prior to the adminis-
tration of intravenous nutrition.

Plasma and urinary samples were treated with an equal
volume of 15% (w/v) HCIO, and centrifuged at 1500 x g
in a bench centrifuge. In the case of the plasma samples,
the resulting protein pellets were washed twice with a
volume of 6% (w/v) HCIQ,, twice that of the plasma
volume, in order to remove trapped free- and short-chain
acyl carnitine. Failure to observe this washing procedure
results in an overestimation of long-chain acyl carnitine.

The washed protein pellets and acid supernatants were
then processed according to the method of Brass and
Hoppel®® prior to the determination of free-, short-chain
acyl and long-chain acyl carnitine by the method of
Parvin and Pande'* as modified by Pande and Parvin.?
Serum total cholesterol was measured by the method of
Richmond'® and triglycerides were measured by the
method of Bucolo and David.!” The normal values for
our laboratory were 4.0 to 7.0 and 0.5 to 1.9 mmol/liter,
respectively, for total serum cholesterol and serum tri-
glycerides.

Results were analyzed for statistical significance using
Students t-test.

RESULTS

Prior to carnitine administration values for free- and
short-chain acyl carnitine were low in both patients, ie,
33.2, 4.6 and 31.7, 2.6 umol/liter respectively, compared
with the values of 49.8 + 1.3 and 6.6 = 1.0 (means *
SEM) for free- and short-chain acyl carnitine estimated
from normal patients. Both patients had normal serum
levels of long-chain acyl carnitine, ie, 3.1 and 2.6 pmol/
liter, respectively, compared with the value of 2.6 £ 0.2
(mean + SEM) for long-chain acyl carnitine estimated
in normal patients.

Before carnitine administration the 24-hr urinary
mean free and total acid soluble carnitine values were

22, 87 umol and 40, 81 umol for patients 1 and 2,
respectively, (Table II) and were low in comparison to
published reports of normal daily free carnitine excretion
[175 = 81 (SD) pmol]*® and daily total acid soluble
carnitine (239 + 56 umol).?®

In patient 1 during the week of daily administration
of 400 mg (2500 umol) of L-carnitine, mean values of
plasma-free, short-chain acyl, and long-chain acyl car-
nitine from the 4th to 7th day increased to 62.5, 6.6, and
2.5 umol/liter, respectively, and during the infusion of
40 mg (250 umol) of L-carnitine per day, plasma-free
carnitine values remained elevated (Table III). The 24-
hr urinary mean total acid-soluble carnitine values meas-
ured during the 4th to 7th day of the daily administration
of 400 mg (2500 umol) of L-carnitine indicated that after
3 days almost all of the L-carnitine was being excreted
in the urine (2420 umol/day). During the administration
of 40 mg (250 umol) of L-carnitine per day, a significant
negative carnitine balance occurred during the 2-wk
measurement period as a mean value of 479 umol/day of
urinary total acid soluble carnitine was recorded (Table
II).

In patient 2 during the 7-day period of daily adminis-
tration of 400 mg (2500 umol) of L-carnitine, mean values
of the plasma free; short-chain acyl and long-chain acyl
carnitine from the 4th to the 7th day increased to 42.5,
10.1, and 7.8 umol/liter, respectively (Table III). The 24-
hr urinary mean total acid-soluble carnitine value of
1570 umol measured during the 4th to 7th day of the
daily administration of 400 mg (2500 umol) of L-carnitine
and the value of 175 umol during the daily infusion of 40
mg (250 umol) of L-carnitine indicated that approxi-
mately half of the infused L-carnitine was being retained
during both periods (Table II).

The lethargy and weakness experienced by patient 1
resolved by the 5th day of carnitine administration. The
patient, instead of requiring 14 to 16 hr of sleep, was now
awake after 8 to 10 hr and able to manage household
duties of preparing meals, tidying the house, and attend-
ing the supermarket, whereas before she would remain
in a chair watching television for most of the day. Fur-
thermore the patient remarked that she suddenly felt
warmer whereas previously she had been feeling contin-
ually cold despite the ambient conditions. Patient 2
experienced no clinical change throughout the period of
L-carnitine infusion. There was no significant change in
the serum total cholesterol or triglyceride levels in either
patient (Table I).
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TasLE II
24-Hr urinary excretion of carnitine®

L-carnitine administration
Before L-carnitine

Patient Carnitine fraction

administration 400 mg 40 mg
{2500 urnol)/day (250 umol)/day
1 Free 22 + 0.3 (3) 1920 + 43 (4)* 353 + 38 (6)*
Short-chain acyl T1+7(3) 508 * 46 (4)* 143 + 22 (6)
Total acid-soluble 87 + 6 (3) 2420 = 77 (4)> 479 * 44 (6)*
2 Free 40 + 20 (3) 1290 % 157 (4)° 112 + 14.(4)*
Short-chain acyl 41 +9(3) 304 + 17 (4)° 63 * 14 (4}
Total acid-soluble 81 + 28 (3) 1570 + 132 (4)® 175 % 22 (4)¢

“The figures are means + SEM with the number of samples in parentheses
and those significantly different from figures before L-carnitine administration
are indicated as follows: ®p < 0.001; *p < 0.01; “p < 0.05.

TABLE 111
Plasma carnitine and serum lipid values before and during L-carnitine
administration®

L-carnitine administration
Before L-carnitine

Patient Carnitine fraction

administration 400 mg 40 mg
(2500 gmol)/day {250 umol)/dai
umol/liter
1 Free 33.2+0.6(3) 62.5+ 2.3 (4)* 598+ 28 (6)*
Short-chain Acyl 46+ 1.6(3) 6.6 x 2.7 (4) 5.8 = 1.3 (6)
Long-chain Acyl 3.1+0.1(3) 25+ 03 (4) 34 0.2 (6)
2 Free 31.7+3.3(3) 425+ 36(4) 266 =08(6)
Short-chain Acyl 2.6 + 0.8 (3) 10.1 £ 2.5 (4) 8.7+ 1.4 (6)°
Long-chain Acyl 2.8 +0.7(3) 78+ 1.5(4)° 3.1=x0.1(6)
1 Triglycerides 18 £ 0.1 (2) 1.9+ 0.1(2) 1.8 £ 0.1 (3)
Total cholesterol 3.8+ 0.05(2) 3.8+ 0.1(2) 3.9 £ 0.04 (3)
2 Triglycerides 1.1 £ 0.04 (2) 0.8+0.03(2) 1.0=%0.08(3)
Total cholesterol 28%0.1(2) 2.4 +0.1(2) 2.2 0.2 (3)

2 The figures are means + SEM with the number of samples in parentheses

and those significantly different from figures before L-carnitine administration
are indicated as follows: ® p < 0.001; “ p < 0.05.

DISCUSSION

Using conventional amino acid, dextrose, and lipid
solutions, patients receiving TPN have their dietary
intake of carnitine reduced essentially to zero. While in
healthy patients 16 to 20 mg/day (100 - 125 umol) of L-
carnitine may be synthesized endogenously® it is not
known whether this amount is adequate to satisfy daily
adult human requirements.

Low levels of serum and urinary carnitine have been
reported in adult surgical patients requiring TPN for
longer than 20 to 40 days® and in home TPN patients,!’
however, clinical evidence of carnitine deficiency has not
been described in patients requiring long-term TPN in
the absence of hepatic failure.?’

The two patients described both had normal liver
function studies. The recorded low plasma and urinary
carnitine values and the resolution of clinical symptoms
of lethargy and weakness in patient 1 and the continuous
positive balance of carnitine in patient 2 indicated that
endogenous production of carnitine may not have been
adequate for normal daily requirements in these two
patients. In both patients there was no evidence of aci-

dosis,”! cardiomyopathy.”” or. with Carnitine repletion,
change in plasma lipids- as has been previously de-
scribed.

It would seem that to guarantee normal carnitine
balance in patients receiving long-term TPN, supple-
mentation of the normal endogenous production of car-
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nitine by administering 40 mg (250 pmol) of L-carnitine
intravenously daily may be required.

ACKNOWLEDGMENT

The authors are grateful to Sigma-Tau Pharmaceuti-
cals, Rome. Italy. for providing L-carnitine.

REFERENCES

1. Hoppel CL, Tomel RJ: Carnitine palmityltransferase: location of
two enzymatic activities in rat liver mitochondria. J Biol Chem
247:832-841, 1972

2. Pande SY: A mitochondrial Carnitine ayclcarnitine translocase
system. Proc Natl Acad Sci USA 72:883-887, 1975

3. Fritz IB: Action of carnitine on long chain fatty acid oxidation by
the liver. Am J Physiol 197:297-304, 1959

4. Engel AG, Angelini C: Carnitine deficiency of human skeletal
muscle with associated lipid storage myopathy: a new syndrome.
Science 173:899-902, 1973

5. Chapoy PR, Angelini C, Brown WJ, et al: Systemic carnitine
deficiency—a treatable inherited lipid storage disease presenting
as Reye’s syndrome. N Engl J Med 303:1389-1394, 1980

6. Rudman D, Sewell EW, Ansley JD: Deficiency of Carnitine in
cachectic cirrhotic patients. J Clin Invest 60:716-723, 1977

7. Schiff D, Chan G, Secombe D, et al: Plasma Carnitine levels during
intravenous feeding of the neonate. J Paediatr 95:1043-1046, 1979

8. Penn D, Sommerfield ES, Pascu F: Decreased tissue carnitine
concentrations in newborn infants receiving total parenteral nu-
trition. J Paediatr 98:376-978, 1981

9. Hann P, Allardyce DB, Frohlich J: Plasma carnitine levels during
total parenteral nutrition of adult surgical patients. Am J Clin
Nutr 36:569-572, 1982

10. Tanphaichitr V, Lerdvuthisopon N: Urinary carnitine excretions
in surgical patients on total parenteral nutrition. JPEN 5:505-509,
1981

11. Carter AL, Roesel RA, Eller AG, et al: Carnitine levels in long-
term home total parenteral nutrition (T.P.N.) patients. Fed Proc
41:537, 1982

12. Worthley LIG, Fishlock RC, Snoswell AM: Carnitine deficiency
with hyperbilirubinaemia, generalized skeletal muscle weakness
and reactive hypoglycaemia in a patient on long term total paren-
teral nutrition: treatment with intravenous L-carnitine. JPEN
7:176-180, 1983

13. Brass EP, Hoppel CL: Carnitine metabolism in the fasting rat. .J
Biol Chem 253:2688-2693, 1978

14. Parvin R, Pande SV: Micro-determination of (-) carnitine and
carnitine acetyltransferase activity. Anal Biochem 79:190-201,
1977

15. Pande SV, Parvin R: Carnitine-acylcarnitine translocase catalyzes
an equilibrating unidirectional transport as well. J Biol Chem
255:2992-3001, 1980

16. Richmond W: Preparation and properties of a cholesterol oxidase
from nocardia S.P. and its application to the enxvmatic assay of
total cholesterol in serum. Clin Chem 19:1350 1356, 1973

17. Bucolo G, David M: Quantitative determination of serum triglye-
erides by the use of enzymes. Clin Chem 14:476-482, 1973

18. Cederblad G, Lindstedt S: Excretion of L-carnitine in man. Clin
Chim Acta 33:117-123, 1971

19. Cederblad G: Plasma carnitine and body composition. Clin Chim
Acta 67:207-212, 1976

20. Engel AG: Possible causes and effects of Carnitine deficiency in
man. In Carnitine Biosynthesis Metabolism and Functions, Fren-
kel RA. McGarry JD (eds). Academic Press, New York. 1930271
285

21. Karpati G, Carpenter S, Engel AG, et al: The syndrome ic

carnitine deficiency, clinical. morphological, biochemical and palh-

ophysiological features. Neurology 25:16-24, 1975

. Tripp ME., Katcher ML. Peters HA. et al: Systemic carnitine

deficiency presenting as familial endocardial fibroelastosis. N Engl

J Med 305:385-390, 1981

23. Casciani CU, Caruso U, Cravotto E, et al: Effect of L-carnitine on
lipid pattern in haemodialvsis. Lancet 2:1309-1310, 1980

b
[2v]



