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ABSTRACT. Urinary free and total carnitine excretions were
measured in 41 normal adults and seven surgical patients on
fat-free total parenteral nutrition for 8 to 45 days. The means
(SEM) of urinary free and total carnitine excretions in normal
adults were 162 + 19 and 328 + 28 pmol/days, respectively. All
of the patients exhibited protein-calorie malnutrition with a
mean carnitine intake of 11.6 + 1.5 pmol/day. Under this
stringent carnitine economy with the adequate supply of lysine
and methionine, urinary total carnitine excretion significantly
reduced to 127 to 162 pmol/day. This probably reflects the

carnitine biosynthetic rate. However, during the periods of
operation and/or infection, urinary total carnitine excretion
significantly increased 2- to 7-fold that of normal levels. Sig-
nificant positive correlation was found between the two forms
of urinary carnitine and total nitrogen excretions. Serum free
and total carnitine levels in patients were significantly higher
than normal adults. Such findings can be explained by the
endocrine responses to the stress phenomenon and indicate a
catabolic response of skeletal muscle in which most of the body
carnitine resides. This can impair their carnitine status.

It is now established that carnitine in the body is
derived from the intake of preformed exogenous carni-
tine' and synthesized from lysine and methionine.” Since
carnitine has not been added to any commercially avail-
able parenteral fluids® it would be anticipated that car-
nitine deficiency may exist in patients on total parenteral
nutrition (TPN). Indeed, we have reported inadequate
carnitine status in these patients.*

MATERIALS AND METHODS

This study was conducted on two groups: normal
adults and surgical patients. Normal adults were healthy
Bangkok residents (28 males and 25 females) with a mean
age of 35.6 £ 1.7 (xSEM). Seven patients were admitted
at Ramathibodi Hospital. Their clinical data before re-
ceiving TPN are shown in Table 1. Percutaneous subcla-
vian vein catheterization was employed to deliver the
fat-free TPN.®> Their energy, glucose, total amino acid
(AA), lysine, and methionine intakes were recorded. Pa-
tients #1, #3, #4, and #6 underwent the operation listed
in Table I during the administration of TPN. The period
of TPN lasted from 8 to 45 days. Patient #2 received
TPN for two separate periods. The study was conducted
in accordance with the principles for human experimen-
tation as defined in the Declaration of Helsinki.
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Venous blood was obtained from the normal adults
after a 12- to 14-hr fast, and from each patient weekly
between 7 to 8 AM during the study. Twenty-four hr
urine samples were collected from normal adults 1 day
prior to the venipuncture, using toluene as preservative.
For patients, the samples were collected daily during the
administration of TPN. The carnitine contents in serum,
urine, and TPN solutions were determined by the enzy-
matic-radioisotopic method of McGarry and Foster.®
Each sample was analyzed for both free and total carni-
tine contents. The acylcarnitine concentration was ob-
tained from the difference between the total and free
carnitine values. Carnitine excretion from the gastroin-
testinal tract was not measured. Urinary total nitrogen
excretion was determined in patients during the admin-
istration of TPN.” Details of their nitrogen balance will
be reported elsewhere. The protein calorie status in pa-
tients before the administration of TPN was assessed by
the body mass index (BMI),® serum total protein, and
albumin levels,” and creatinine-height index (CHI).* *°

The Student t-test (one-tailed) and linear regression
analysis were used to establish statistical significance."
Serum and urinary carnitine values (mean = 1 SD)

obtained from the normal adults were used to define the
normal range.

RESULTS

The mean daily intake of energy, glucose, total amino
acids, lysine, and methionine in each patient on TPN is
listed in Table II. Their BMI, CHI, serum total protein,
and albumin levels are tabulated in Table I11. Carnitine
was detected in FreAmine II (McGaw Lab, Irvine, CA)
and Sohamin G (Tanabe Seiyaku Co, Osaka, Japan),
which were the two types of crystalline AA solutions
used in this study. Each 1000 ml of FreAmine and So-
hamin G contained 7.1 and 26.7 umol total carnitine,
respectively. The total carnitine intake determined from
the carnitine concentration of the AA solutions and the
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TaBLE I
Clinical data in patients on TPN
Patient Age Sex Diagnosis Operation
yr
1 15 F Tleostomy postrupture of appendicitis Closure of ileostomy
2 19 M Colonocutaneous fistulae postrupture of None
appendicitis
3 21 M Blunt traumatic duodenal rupture 1st: gastrojejunostomy
2nd: drainage of subhepatic abscess
4 22 M Chemical stricture of esophagus Esophagectomy with colon interpo-
sition
5 35 M Rupture of empyema of gallbladder None
6 50 M Pyeloduodenal fistula Ureterostomy
7 72 M Postcholecystectomy None
TagLE 1T
Intake in patients on fat-free TPN
Mean intake/day L
Patient D’{;‘}llfl\? n Mean lysine intake Meanirl?tet;uomne
Energy Glucose Total AA ake
keal g g/day mg/kg/day g/day mg/kg/day
13 2104 485 42.55 2.96 118 2.25 90
2.1 31 3362 774 54.12 9.26 234 4.08 103
2.2 13 3124 728 52.73 9.03 208 3.98 92
3 45 3019 707 48.11 8.03 182 3.63 82
4 18 1865 424 4211 3.84 107 141 39
5 8 2344 551 35.18 7.53 140 3.32 62
6 23 2988 707 40.32 6.90 129 3.04 57
7 21 2322 535 45.28 7.75 114 341 50
Mean + SEM 2642 + 193 614 + 46 45.06 + 2.26 6.91 + 0.82 154 = 17 3.14 £ 0.32 72+ 8
TaBLE 11T TABLE IV
Protein-calorie status of patients before TPN Total carnitine intake and its urinary carnitine excretion in patienis
Bod Serum protein on TPN
Patient Height wei gt BMI CHI Patient Mean total carnitine Mean urinary total
g Total  Albumin aten intake carnitine
m kg kg/m’ g/dl umol/day wmol/kg/day  pmol/day  umol/kg/day
1 1.48 25.0 11.3 0.41 8.5 2.6 1 3.53 0.13 290 10.86
2 1.76 39.6 12.8 0.36 6.6 2.8 2
3 1.75 44.0 144 042 4.1 1.8 3; iggg g-gg igg ggg
4 1.67 36.0 12.9 0.40 54 3.0 5 1413 0.35 1080 9058
5 1.63 53.7 20.2 0.28 8.0 2.6
4 5.42 0.14 933 22.68
6 1.70 53.5 18.5 0.65 4.7 1.8 5 13.02 0.24 2337 4352
7 1.60 68.0 26.6 0.30 6.0 2.7 6 11.94 0.22 2362 44.16
7 13.39 0.21 799 11.84
Mean = SEM 11.64 + 1.55 0.25 + 0.1¢ 1011 + 318 20.01 = 5.76

volume infused and urinary total carnitine excretion are
listed for the seven individual patient in Table 1V. The
urinary-free acyl and total carnitine excretions in the
normal controls and the individual TPN patient are
tabulated in Table V. In two study periods, patient %2
had significantly lower urinary-free, acyl, and total car-
nitine excretions than normal adults. Opposite results
were observed for patients #3, ¥4, #5, ¥6, and #7, whose
clinical manifestations and laboratory investigations in-
dicated bacterial infection during the administration of
TPN. However, this was not related to subclavian vein
catheterization. No significant difference was observed
between patient %1 and normal adults.

Figure 1 shows the daily urinary-free, acyl, and total
carnitine excretions in patients %1, ¥3, ¥4, and %6 who
underwent surgery while receiving TPN. These four pa-
tients had increased urinary carnitine excretion above
the preoperative levels on the day of operation and for

several days following operation. Then their urinary car-
nitine excretion declined to the preoperative levels if
there was no episode of postoperative infection. The
second rise in urinary carnitine excretion in patients %3,
#4, and #6 occurred concurrently with the bacterial
infection. Patient #3 had the second peak of urinary
carnitine excretion prior to the second operation, which
declined after the surgical drainage of subhepatic pus
collection. Patients #4 and #6 developed pneumococcal
pneumonia and pseudomonas septicemia, respectively. A
statistically significant relationship existed between uri-
nary carnitine excretion and body temperature (Table
VI). Urinary carnitine also correlated significantly with
the total nitrogen excretion (Table VII). The mean
(£SEM) serum-free, acyl, and total carnitine concentra-
tion in the TPN patients is compared with that in the
normal controls (Table VIII).
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TaBLE V DISCUSSION
Urinary carnitine excretion in normal adults and surgical patients
Subject Urinary carnitine, pmol/day* All of the patients receiving TPN exhibited protein-
Group No? Free s Total calorie malnutrition (PCM) as evidenced by a CHI of
- less than 0.9 and serum albumin levels of less than 3.5 g/
1;;’{2‘;: 4l 162+ 19 165 + 13 828 + 28 dl? These indicate depleted lean body mass®'®'* and
1 13 185 + 46 154 + 76 990 + 1921 visceral protein status.gl Only four out of seven patients
2 had serum total protein of less than 6.5 g/dl. This is
2.1 31 50 + 5° 112 £ §° 162 + 10° consistent with other reports that the serum total protein
22 13 “Ux7 83 + 16 127 & 20° concentration is a less sensitive and specific index of the
i ‘i‘;’ gzg i Z;g igg f_: ?]gd lggg i 61;?(;( pyotein nutri.tional stat}ls.9 All of the pati.ents gave a
5 8 1524 + 113° 813 + 115° 2337 + 208° hlStOI‘y of welght lOSS, with five of them haVlng a BMI of
6 23 1948 + 319° 415 + 72¢ 2362 + 345° less than 20 kg/m?.
7 21 530 + 76° 269 + 43/ 799 = 116° Serum and urinary carnitine are regulated by both
“ Mean = SEM.

? Number of normal subjects and number of days carnitine deter-

mined for the TPN patients.

¢ Significant difference from normal adults: p < 0.0005.
¢ Significant difference from normal adults: p < 0.0025.
¢ Significant difference from normal adults: p < 0.005.
! Significant difference from normal adults: p < 0.025.

Fia. 1. The influence of body temperature and
operation on urinary carnitine excretion in four
patients.
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nutritional and endocrine factors. Decreased serum car-
nitine concentration and urinary carnitine excretion have
been reported in subjects with protein-calorie malnutri-
tion”®*” and hypothyroidism.”* The administration of
adrenocorticotrophic hormone in the presence of intact
adrenocortical and thyroid functions increases the serum
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TABLE VI
Relationship between urinary carnitine excretion and body temperature in surgical patients
¢ = urinary carnitine t=a+ be Correlation L.
(umol/day) (body temperature °C) coefficient DF t Statistic p
Free carnitine 37.56 + 0.0004c 0.3120 153 4.0487 <0.0005
Acyl carnitine 37.33 + 0.0015¢ 0.3930 153 5.2695 <0.0005
Total carnitine 37.46 + 0.0004c 0.3627 153 4.7981 <(0.0005
TaBLE VII
Relationship between urinary carnitine and total nitrogen excretion in surgical patients
¢ = urinary carnitine N=a+he Correlation -
(umol/day) (total nitrogen, g/day) coefficient DF t Statistic p
Free carnitine 6.16 + 0.0026¢ 0.5648 146 8.2426 <0.0005
Acyl carnitine 5.52 + 0.0075¢ 0.5155 146 7.2442 <0.0005
Total carnitine 5.66 + 0.0023c¢ 0.6080 146 9.2225 <0.0005
TaBLE VIII 52.7 to 54.1 g AA containing 9030 to 9260 mg lysine, and
Serum carnitine levels in normal adults and surgical patients 3980 to 4080 mg methionine, he excreted 127 to 162 umol
Subject Serum carnitine, ymol/1* total carnitine (Tables II and IV). This probably reflects
Group No Free Acyl Total tile carnitine sfynthe.il's. Szlgrzgsets}ll{el'etal musg:le is _the major
“7*? the Increase in urinary car-
Normal 53 64716  532+38 1179+ 44 storage site of carnitine, desol l'y o
Patients on TPN nitine excretion in pathnts #3 to ¥ ’(, espite 1m1te.
0 wk 8 786+ 14.1° 738+ 140 1526 + 12.9¢ carnitine intake, may indicate a catabolic response of this
1wk 6 9542527 8992207 1853437 tissue. This is supported by (1) the significant positive
> b . . I
2 wk 7 866x 9-3; 59.5 £ 7.7 1462+ 104" correlations found between the urinary carnitine and
3 wk 5 83b5x12 9.7+ 76 143.2 £ 127 total nitrogen excretion (Table VII) and (2) the signifi-
“ Mean =+ SEM.

® Significant difference from normal adults: p < 0.025.
¢ Significant difference from normal adults: p < 0.005.
 Significant difference from normal adults: p < 0.0025.
¢ Significant difference from normal adults: p < 0.0005.
! Significant difference from normal adults: p < 0.0125.
# Significant difference from normal adults: p < 0.05.

carnitine level and urinary carnitine excretion.' * Since
our patients were malnourished, with a limited carnitine
intake (Table IV), as they were receiving TPN, one would
have expected a decreased urinary carnitine excretion.
This was observed in patient #2 who was not septic and
did not undergo surgery. He had significantly lower uri-
nary-free, acyl, and total carnitine excretions than the
normal adults (Table V). Patient #1 had low urinary
carnitine excretion also during the study, except for the
first 2 days after the operation (Fig. 1). This explains her
mean urinary-free, acyl, and total carnitine excretions
falling within the normal levels (Table V). Infection and
tissue injury stimulated the adrenocortical release of
cortisol.”’ The significant increase in the three forms of
urinary carnitine excretion in patients #3 to ¥7 (Table
V and Fig. 1) could be explained on this basis. This is
supported by the significant positive correlation found
between urinary carnitine excretion and body tempera-
ture (Table VI and Fig. 1). Our results agree with the
report of Cederblad et al” who demonstrated a marked
increase in urinary carnitine excretion in burned patients.

Rudman et al'® reported that normal adults, with a
carnitine intake of 380 to 450 pmol/day, excreted similar
amounts of total carnitine in urine. However, when they
were fed an oral diet with less than 10 pmol carnitine,
but containing 2200 to 2400 kcal, 80 to 90 g protein with
3200 to 3400 mg lysine and 2000 to 2200 mg methionine,
their urinary total carnitine excretion was 100 pumol/day.
Similar findings were observed in patient %2. While
receiving daily 16 pmoles carnitine, 3124 to 3362 kecal,

cant increase in serum-free and total carnitine levels
(Table VIII). The 2- to 7-fold increases in urinary carni-
tine excretion in these patients could deplete their skel-
etal muscle carnitine content. It should be noted that
Border et al®® reported decreased skeletal muscle carni-
tine levels in septicemic patients without starvation.
However, urinary carnitine excretion was not determined
in their study.

The relationship between carnitine and energy metab-
olism is well recognized. Carnitine participates in shut-
tling long-chain acyl residues across the inner membrane
of mitochondria.”” It is therefore important for fatty acid
oxidation. Besides, carnitine may indirectly participate
in regulating the rate of glycolysis, by increasing the
activity of pyruvate dehydrogenase.” The biological sig-
nificance of carnitine in man was demonstrated by two
forms of hereditary carnitine deficiencies: myopathic and
systemic.”” Patients receiving intravenous fat emulsion
have been reported to experience significant decreases in
serum carnitine’?®' and urinary carnitine levels.*
Though our TPN formula is a fat-free regimen, the 2- to
7-fold increases in urinary carnitine excretion in the
presence of limited carnitine intake in some patients
receiving TPN (Table IV) may be indicative of carnitine
deficiency. The effects of such acquired carnitine defi-
ciency are now under investigation.
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