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Choline supplementation reduces urinary carnitine
excretion in humans13

Wanda L Dodson and Dileep S Sachan

ABSTRACT Two experiments were conducted to determine

the effects of supplementary choline and/or pantothenate on the

carnitine and lipid status of free-living humans. Analyses of car-

nitine and cholesterol fractions, triacylglycerols, and creatinine

were determined in serum and/or urine. In experiment 1, adults

receiving 13.5 mmol choline plus 1.4 mmol pantothenate/d had a

significant decline in urinary carnitine excretion and renal clear-

ance with nonesterfied carnitine (NEC) declining the most dramat-

ically, 84%. Additionally, serum NEC and total carnitine concen-

trations decreased significantly. No changes were observed in any

of the serum lipids examined. In experiment 2, subjects took 0.20

mmol and 0.02 mmolfkg choline or pantothenate, respectively.

Choline, but not pantothenate, supplementation significantly de-

creased urinary carnitine excretion, renal clearance, and fractional

clearance of NEC. We conclude that supplementary choline main-

tamed serum camitine concentrations by conserving urinary car-

nitine. Moreover, these observations merit additional investigation

to determine metabolic and functional consequences of choline

and carnitine interactions in humans. Am J C/in Nutr 1996;
63:904-10.
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INTRODUCTION

We are concerned about the carnitine status of subjects who

are self-dosing or taking therapeutic amounts of choline sin-

gularly or in combination with other compounds or nutrients,

such as pantothenate. Carnitine is not generally recognized as

essential in the diet even though it is indispensable for the

translocation of long-chain fatty acids into the mitochondria.

Its function in the transport of long- and short-chain fatty acids

and organic acids within and among body compartments is

critical in intermediate metabolic processes.

Pharmacologic doses of choline, lecithin, and pantothenate

are widely used in clinical trials for a variety of neurologic (1)

and hyperlipidemic ( 1 , 2) conditions. Additionally, these corn-

pounds are commercially available in supplement form for

persons to consume as desired. The side effects and safety of

pharmacologic doses of choline and pantothenate have been

reviewed (1, 3, 4), but their interactions with other nutrients

have not been fully elucidated in humans or animals.

It has long been known that the addition of choline chloride
to a choline-deficient diet in rats significantly increases carni-
tine concentrations in the liver and muscle while significantly

lowering the urinary carnitine concentrations (5-7). Recently,

Sheard and Krasin (8) confirmed that in rats fed a choline-

deficient diet, serum and urinary carnitine concentrations are

not reflective of tissue concentrations. Although many studies
are directed toward the effect of choline-deficient diets, there
are no complete reports of the effects of supplementary choline

and/or pantothenate on the serum and urinary carnitine con-
centrations of free-living humans consuming regular diets.

Because choline, carnitine, and pantothenate are of prag-

matic and clinical interest, it is important that the effects are

documented. The purpose of this investigation was to examine
the effects of choline and pantothenate on serum and urinary

carnitine concentrations in free-living humans. The objectives

of experiment 1 were to 1) determine the effects of supplemen-

tary choline plus pantothenate (Ch+Pa) on the serum and

urinary carnitine concentrations, 2) determine whether supple-
mentary Ch+Pa alters the serum and urinary response to

L-carrntine supplementation, and 3) assess the effects of the

supplements on serum triacylglycerol and cholesterol concen-
trations in adults. The objectives of experiment 2 were to 1)

confirm observations in experiment 1, and 2) determine
whether the decreases in serum and urinary carnitine concen-

trations were due to supplementary choline or pantothenate, or

to a combination of the two.

SUBJECTS AND METHODS

Experiment 1

Healthy adults aged 23-52 y, with no known clinical disease,

were recruited from the faculty and graduate student population

of The University of Tennessee, Knoxville, to participate in
this study. The study was approved by the Human Subject

Review Board of the university. The control and experimental
groups consisted of 10 and 20 subjects, respectively, with an

equal number of males and females in each group. One of the

control males developed a respiratory infection requiring med-
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3 Significantly different from day 7 for carnitine fraction, P < 0.05.

TABLE 1

Daily dietary intake of selected nutrients’

.

Dietary factor
Control group

(n 9)
Experimental group

(n 20)

Energy (MJ) 8.5 ± I .2 7.9 ± 0.6

Protein (g) 76 ± 1 1 75 ± 8

Carbohydrate (g) 265 ± 39 226 ± 16

Fat(g) 73±13 70±8

Cholesterol (mg) 218 ± 56 237 ± 37

Pantothenate (mg) 4.5 ± 0.6 3.9 ± 0.5

Carnitine (mg) 46.3 ± 14.5 37.7 ± 9.7

Choline chloride (mg) 138.9 ± 3 103.0 ± 19.9

Lecithin (g) 2.3 ± 0.3 1.9 ± 0.2

‘ I ± SEM. The molecular weights of cholesterol (386.6), pantothenate

(219.2), camitine (161.2), choline chloride (139.6), and lecithin (800) may

be used to convert from grams to moles.

ication that lead to his withdrawal from the study. There was no
requirement for subjects to adopt or adapt to a single diet or

lifestyle. Individuals were specifically instructed to follow their

usual dietary pattern and refrain from skipping meals, elimi-
nating commonly consumed foods, binging, and adding novel
foods or nutrient supplements for the duration of the experi-

ment. Likewise, the subjects were instructed to maintain their
usual lifestyle patterns of exercise, work, and recreation.

The control group took no supplements the first 7 d whereas
the experimental group took 13.5 mmol choline by mouth,

supplied as choline bitartrate (Twin Laboratories, New York)

and 1 .4 mmol pantothenate supplied as D-calcium pantothenate
(Nature Made Nutritional Products, Los Angeles) daily. The

TABLE 2

Serum carnitine concentrations’

Carnitine fraction

and day of study

Control group

(n = 9)
Ex perimental group

(n = 20)

,��molIL

NEC

0 34.4 ± 2.9 36.5 ± 1.8

3 35.1 ± 3.4 35.0 ± 2.5

7 34.5 ± 3.3 31.6 ± 2.42

10 41.6 ± 3.6� 41.3 ± 2.2�

ASAC
0 8.7 ± 0.7 7.0 ± 0.7

3 9.1±0.9 7.4±0.6

7 7.6 ± 0.8 6.6 ± 0.5
10 9.4 ± 1.2 7.7 ± 0.5

AIAC
0 2.6±0.2 2.1±0.1
3 2.5±0.2 1.9±0.1

7 2.2±0.2 1.8±0.2

10 2.6±0.3 1.8 ±0.1

Total carnitine

0 45.7 ± 3.3 45.6 ± 1.8

3 46.7 ± 3.9 44.3 ± 3.0

7 44.3 ± 3.8 40.0 ± 2.62

10 53.7 ± 4.6� 50.8 ± 2.3�

‘ I ± SEM. NEC, nonesterified carnitine; ASAC, acid-soluble acylcar-
nitine; AIAC, acid-insoluble acylcarnitine.

2 Significantly different from days 0 and 3 for carnitine fraction, P <

0.05.

source and amount of supplementation for this study were

typical of that prescribed in a medical facility and used over-
the-counter. The manufacturers maintain that these supple-

ments have a purity � 98.6% and consist of US Pharmacopeia
(USP)-grade ingredients. From day 7 until day 10 both the
control and experimental groups took 6.2 mmol L-carrntine/d
(Kendall McGaw Laboratories, Irvine, CA). The experimental

group continued to take the supplementary Ch+Pa during days
7-10. Subjects could either take all the supplements at one time

or in several doses throughout the day. We determined previ-
ously that the supplements gave similar responses whether

taken at one time or in several doses throughout the day. If

subjects chose to take the supplements in doses, they were

required to take some of all the supplements at each interval.

Furthermore, supplements were suspended 10-12 h before
blood collection.

Blood, 24-h urine, and food records were collected from sub-

jects on days 0, 3, 7, and 10. Measurements of height and weight
were made on day 0. Fasting blood samples were collected by

venipuncture into evacuated tubes containing no anticoagulant and
processed to obtain sera. Thymol was used as a preservative for

urine. The NUTRI11ONIST Ill computer program (N Squared

Computing, Silverton, OR) was used to estimate dietary intake of
nutrients. Dietary choline, lecithin, and carnitine intakes were
estimated from published sources (9-13).

Carnitine in blood and urine was assayed according to the

procedure of Cederblad and Lindstedt (14) as modified by Sachan
et al (15). The nonesterifed carnitine (NEC), total acid-soluble

carrntine (ASC), and acid-insoluble acylcarnitine (MAC) were
directly determined by assay, and acid-soluble acylcarnitine
(ASAC) was the difference between the NEC and the ASC

TABLE 3

Urinary carnitine concentration5’

Camitine fraction

and day of study

Control group Experimental group

(n 9) (n = 20)

�.unoYmmo/ creatinine

NEC

0 11.4 ± 1.7 10.5 ± 1.5

3 9.6 ± 1.5 2.5 ± 042

7 9.3 ± 1.7 1.7 ± 0.32

10 64.2 ± 6.7� 24.4 ± 353

ASAC
0 10.0 ± 1.2 10.2 ± 0.9
3 9.9 ± 0.9 6. 1 ± 0.62

7 9.0 ± 1.0 5.2 ± �

10 26.0 ± 2.8� 14.2 ± l.5�

AIAC
0 1.2±0.1 0.8±0.1

3 1.1 ± 0.1 0.7 ± 0.1

7 1.1±0.1 0.6±0.1

10 2.0 ± 0.2� 1.2 ± 0.2�

Total carnitine

0 22.6 ± 2.7 21.6 ± 2.0

3 20.5 ± 1.9 8.9 ± l.0�

7 19.5 ± 2.7 7.6 ± 0.62

10 92.2 ± 9.1� 39.7 ± 473

‘ I ± SEM. NEC, nonesterified carnitine; ASAC, acid-soluble acylcar-

nitine; AIAC, acid-insoluble acylcarnitine.

2 Significantly different from day 0 for carnitine fraction, P < 0.05.

3 Significantly different from day 7 for camitine fraction, P < 0.05.
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FIGURE 1. Serum carnitine concentrations observed over a l4-d period in the choline group (solid bars) and the pantothenate group (open bars). NEC,

nonesterified camitine; ASAC. acid-soluble acylcarnitine, which is the difference between NEC and the total acid-soluble carnitine fraction; AIAC,

acid-insoluble acylcarnitine; total carnitine is the sum of NEC, ASAC, and AIAC. � ± SD.
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fractions. Total carnitine is the sum of NEC, ASAC, and MAC.

Carnitine clearance was calculated according to a standard renal

clearance formula (16). Total cholesterol and high-density-li-

poprotein (HDL)-cholesterol concentrations were determined by
Sigma procedure nos. 352 and 352-3 (Sigma Chemical Co. St

Louis), respectively. Triacylglycerols were determined by the

method of Giegel et al (17), and the low-density-lipoprotein
(LDL)-cholesterol concentrations were derived from the formula

of Friedewald et al (18) before values were converted to Syst-
[grav]eme International units. Urinary creatinine was determined

by the alkaline-picrate method (19). A standard biochemical pro-

file of 18 tests was completed on selected subjects.

Data were examined in two sets and analyzed by using the

general linear models procedure of SAS (20). Because there was

a change of treatments during the experiment, data were divided

into two data sets to reflect treatments. Data set 1 included obser-

vations on days 0, 3, and 7, and data set 2 included observations

for days 7 and 10. Each data set was analyzed by using a corn-
pletely randomized design with repeated measures. Between-sub-

jects variation was negligible compared with within-subject van-

ation (P > 0.30); accordingly, these two sources of variation were

pooled in the analysis. If significant effects (P < 0.05) were found
by the F test analysis of variance (ANOVA), subgroup means

were separated using Fisher’s protected least-significant-differ-

ence test (21, 22). We were interested in only a selected number

of comparisons and these differed between serum and urine. For
the serum, comparisons between days 0 and 7 and 7 and 10 were

the most important. Serum carnitine concentrations change slowly
if at all; therefore, a longer observational period is needed. Urinary

carnitine concentrations change abruptly; thus, comparisons be-

tween days 0, 3, 7, and 10 were the most important.

Experiment 2

Twenty-two subjects (1 1 males, 1 1 females) were recruited
from a university population similar to that in experiment 1.
They ranged in age from 20 to 62 y and represented diverse

ethnic groups (African, Chinese, Indian, Korean, and Ameri-

can). The subjects were randomly assigned to the supplemen-

tary choline or to the pantothenate group. The supplements
were purchased from the Department of Pharmacy, University

of Tennessee Medical Center, Knoxville. Choline (Rexall, Fort
Lauderdale, FL) and pantothenate (Nature Made Nutritional
Products) were administered at doses of 0.20 mmol and 0.02

mmol/kg body wt, respectively. Subjects served as their own

controls and were instructed to standardize their lifestyles by

eating and exercising as uniformly as possible throughout the

14-d period. In experiment I, we had recognized that it takes a

few days for individuals to standardize their lifestyles; there-

fore, baseline data were collected on days 0 and 3 and this was
called time period (TP) 1 . At TP 2 (days 4-7) a supplement of
choline or pantothenate was taken by the choline and panto-
thenate groups, respectively; for TPs 3 and 4 (days 8-14), both

groups took supplementary Ch+Pa.

A blood sample, 24-h food record, and 24-h urine sample were
collected on days 0, 3, 7, 10, and 14. After a fast of 10-12 h,

venous blood was collected from 0600 to 0900. Serum and urinary

camitine and urinary creatinine were determined as in experiment
1. In addition, serum creatinine was determined by the method of
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FIGURE 2. Urinary carnitine concentrations observed over a l4-d period in the choline group (solid bars) and the pantothenate group (open bars). NEC,

nonesterified carnitine; ASAC, acid-soluble acylcarnitine, which is the difference between NEC and the total acid-soluble carnitine fraction; AIAC,

acid-insoluble acylcarnitine; total carnitine is the sum of NEC, ASAC, and AIAC. i ± SD. * Significantly different from time period (TP) 1, P < 0.05.
** Significantly different from TP 2, P < 0.05.

Raphael (23), fractional carnitine clearances were calculated ac-

cording to the formula of Ohtani et al (24), and statistical analyses

were performed in the same manner as in experiment 1 . In the first

data set, TPs 1 and 2 (days 0-7) were compared; and in data set
2 comparisons were made among TPs 2, 3, and 4 (days 7-14). The

comparisons of greatest interest were TPs 1 and 2, TPs 2 and 3,
and TPs 2 and 4. Comparisons of TPs 1 and 2 indicated whether
a single supplement was responsible for observed change, and

comparisons of TPs 3 and 4 with TP 2 indicated whether a
combination of the supplements produced the effect and if the
effect was sustained for 7 d.

RESULTS

Experiment 1

The mean ages of the control group (no Ch + Pa supplemen-
tation) and the experimental group (Ch+Pa supplementation)
were 39.6 ± 3.4 and 34.8 ± 1.8 y, respectively. Height, weight,

body mass index, and body surface area were within the

standard range and did not differ significantly between the two
groups. Despite the free-living conditions, the groups achieved
a remarkable degree of uniformity in diet and lifestyle. The
average daily dietary intake of macronutrients, choline, panto-

thenate, and camitine were similar for both groups (Table 1).
The mean intake of pantothenate was 4.5 ± 0.6 and 3.9 ± 0.5

mg/d for control and experimental groups, respectively, which
is at the lower end of the estimated safe and adequate daily

dietary intake (ESADDI). After supplementation, pantothenate

intake was 43 times the highest ESADDI (25). The estimated

dietary choline intake was lower than the 600-1000-mg range

suggested as the usual choline intake for adults by Zeisel (26).

Choline supplementation increased the intake to � 1800 mg/d.
Dietary carnitine intake was estimated to be 37-46 mg/d and in

the moderate range of consumption (27). Both dietary choline

and carnitine consumption are difficult to estimate because of

limited food-composition data.
During the first 7 d of experiment 1, supplementary Ch+Pa

exerted only a slight influence on the overall serum carnitine

concentrations (Table 2). The NEC and total carnitine concen-
trations of the experimental group were significantly lower on

day 7 than at baseline, day 0. No significant changes occurred

in the control group, which confirmed that the experimental

conditions did not significantly alter serum and urinary carni-

tine concentrations.

In contrast with serum, supplementary Ch+Pa triggered a

dramatic decrease in all urinary camitine fractions except
AIAC by day 3 (Table 3). The decrease in urinary carnitine

fractions was sustained, and by day 7 there was a decline of

84%, 49%, and 65% in NEC, ASAC, and total carnitine,

respectively. These percentages were calculated by dividing

the concentrations on day 0 by the concentrations on day 7. The

carnitine clearances followed a pattern similar to those of the

urine data (data not shown).

Supplementary L-carnitine significantly increased the se-

rum NEC and total carnitine (Table 2) and the excretion of
all fractions of carnitine in both groups (Table 3). The

 by guest on N
ovem

ber 12, 2014
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/


4

Time Period

I �i�Iflo� �

: 123

lime Period

?
E .�

:�
.�.

FIGURE 3. Renal camitine clearance observed over a 14-d period in the choline group (solid bars) and the pantothenate group (open bars). NEC,

nonesterified carnitine; ASAC, acid-soluble acylcarnitine, which is the difference between NEC and the total acid-soluble carnitine fraction; AIAC,

acid-insoluble acylcarnitine; total carnitine is the sum of NEC, ASAC, and AIAC. � ± SD. * Significantly different from time period (TP) 1, P < 0.05.
** Significantly different from TP 2, P < 0.05.
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increase in excretion was highest in the NEC fraction with a

7- and 14-fold increase in the control and experimental

groups, respectively. However, when the percentage change

in NEC between days 0 and 10 was calculated, the control

group had a 5.6-fold increase whereas the experimental
group had only a 2.3-fold increase.

The serum lipid profile of the groups did not change signif-

icantly during the experiment. No significant differences were

observed within or among the groups for any lipid fraction

(data not shown). Similarly, no differences were seen in blood
chemistry profiles of selected subjects.

Experiment 2

Of the 22 people consenting to participate, 20 completed
the study. Personal obligations unrelated to the study hin-
dered two individuals from finishing the study. The mean

ages for the choline and pantothenate groups were 35.8 ±

4.3 and 35.8 ± 2.8 y, respectively. The mean body mass

indexes (in kg/m2) were 22.8 ± 1.5 and 24.7 ± 1.2 for the

choline and pantothenate groups, respectively. The mean

energy and nutrient consumption for the groups did not

differ significantly among TPs and was similar to data

presented in Table 1 . Although many ethnic dietary patterns

were represented, the calculated nutrient intakes did not

differ between the two groups.

As shown in Figure 1, neither choline nor pantothenate
supplementation alone or in combination produced significant

changes in any of the serum carnitine fractions. In contrast with

serum, dynamic changes occurred in urine for both the choline

and pantothenate groups. After 4 d of choline supplementation,

urinary NEC and AIAC concentrations were significantly de-
creased at TP 2 (Figure 2). When Ch+Pa was administered a

significant decrease occurred in all fractions of carnitine at TP

3 in the choline group. However, the effect was not sustained

in TP 4; thus, the addition of pantothenate to the choline group

did not produce a sustained decrease in urinary carnitine frac-

tions.

In the pantothenate-supplemented group, no decreases

occurred in any urinary carnitine fraction at TP 2 (Figure 2).

The addition of supplementary choline to the pantothenate

group resulted in a significant decrease in all fractions of

urinary carnitine at both TP 3 and 4. Therefore, choline but

not pantothenate supplementation produced the effects ob-
served here. The decrease in urinary carnitine excretion was

observed consistently whether the data were expressed as

pmol/24 h, per kg body weight, or per mmol urinary creat-

mine.

Urinary clearances and fractional clearances were calculated

to further examine renal handling of carnitine. After 4 d of

choline supplementation, only renal NEC clearance decreased

significantly (Figure 3), which was not significantly altered

after Ch+Pa supplementation (TPs 3 and 4). However, Ch+Pa
supplementation of the pantothenate group resulted in signifi-
cant decreases in both NEC and total carnitine clearance at TPs

3 and 4. The fractional clearances followed the same pattern as

the renal clearances (Figure 4), indicating that the renal reab-

sorption of NEC was significantly greater with than without

choline supplementation.

C

E

E

a,
C

C

cm
0

cm

0
I-.

 by guest on N
ovem

ber 12, 2014
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/


1.2
0.9

1.0

�

0.5

*� * ** *

0.1� � o.ofl 0.20.2

II �.H�ri
1 2 3 4

Time Period Time Period

Time Period Time Period

CARNITINE CONSERVATION BY CHOLINE 909

a,
C

C

cm
0

cm
0

I-

FIGURE 4. Fractional carnitine clearance observed over a 14-d period in the choline group (solid bars) and the pantothenate group (open bars). NEC,

nonesterified carnitine; ASAC, acid-soluble acylcarnitine, which is the difference between NEC and the total acid-soluble camitine fraction: AIAC,

acid-insoluble acylcamitine; total carnitine is the sum of NEC, ASAC, and AIAC. � ± SD. * Significantly different from time period (TP) 1, P < 0.05.
** Significantly different from TP 2, P < 0.05.

DISCUSSION

These experiments indicate that free-living humans respond to

supplementary choline by conserving carnitine through decreased

urinary excretion of most fractions of carnitine and through a

decreased renal clearance and fractional clearance of NEC. Sup-
plementary pantothenate alone did not significantly alter urinary
camitine concentrations. At TP 3, Ch+Pa supplementation in the

choline group resulted in a significant reduction in urinary cami-
tine fractions; however, the effect was transitory and was not
sustained until day 14. It is quite clear that choline is responsible

for cannitine conservation even in groups of people who have
varied and diverse food habits and ethnic backgrounds.

The decreased clearance and excretion of urinary camitine was

necessary to maintain normal serum carnitine concentrations. The

kidney plays an important role in camitine homeostasis, and it is

important to examine not only urinary excretion (renal clearance)
but fractional carnitine clearance as well. Fractional clearance
indicates the percentage of cleared and filtered camitine that is

being excreted. The percentage of camitine reabsorption is the

difference between the percentage excreted and 100%. Decreased

renal clearance and excretion may occur independently of a

change in fractional clearance; therefore, a significant change in
all three of these processes indicates a concerted effort by the
kidneys to maintain serum carnitine concentrations.

The mechanism for increased renal reabsorption of filtered
carnitine is less apparent than the phenomenon. Choline does not

inhibit or promote cannitine transport across the renal brush border

when camitine and choline are of equal molar concentrations (28).
Because carnitine and choline were most likely of unequal con-

centrations, there is a possibility that choline may increase reab-

sorption at the brush border. Additionally, camitine reabsorption is

likely to be a multistep process (28); therefore, choline has the

opportunity to enhance cannitine transport through the tubular cells

or the basolateral membrane into the circulation. Zeisel (26) sug-

gested the possibility that choline is needed to position the carni-

tine carrier on the plasma membrane. Therefore, choline may aid

the transport of camitine into cells.

To further support the choline effect, we can rule out several

factors that are known to influence carnitine concentrations.
Dietary carnitine intake was maintained at a fairly constant

amount, and two baseline measurements indicated that exper-

imental conditions had no significant effect on urinary carnitine

concentrations. Despite normal dietary camitine consumption,

the choline group’ s urinary carnitine concentrations mimicked

those of strict vegetarians (29). Additionally, the urinary NEC

response of the choline group was about one-ninth that ex-

pected for the effect of a low-protein or high-carbohydrate diet

(30). A decrease in glomerular filtration rate mediates the renal
effect of low-protein, high-carbohydrate diets, but it is unlikely

that choline affects creatinine clearance (3 1). No significant

differences were observed in creatinine clearance at any TP.

Serum total carnitine is most often used to evaluate the
carnitine status of humans. Although a significant decrease in

serum NEC was observed in experiment 1 , it was not con-

firmed in experiment 2, which may be because of the heterog-

enous population or other factors inherent in the latter study.

Therefore, supplementary choline would not affect the carni-

tine status of most individuals. However, it is important to
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mention that there were individuals in both experiments who

had precipitous drops in serum NEC and total carnitine con-

centrations. For example, in one case the serum NEC concen-
tration dropped from 32.99 to 17.46 �mol/L and the total

carnitine declined from 41.57 to 25.73 j.�mo1/L after 7 d of
supplementary choline. Such an individual might be assessed

as carnitine deficient. It seems reasonable to conclude that

some individuals have a fragile control mechanism for carni-

tine homeostasis that is lost during choline supplementation.
Other investigators (7) concluded that choline enhances trans-
port rather than carnitine biosynthesis in rats. However, the rat

model has limitations in explaining carnitine homeostasis in
humans; the guinea pig is an appropriate model for studying
choline-carnitine interactions in humans consuming a self-

selected diet (32, 33).

Neither supplementary choline, pantothenate, nor L-carrntine

had an effect on serum lipids or acylcarnitine concentrations.
The lack of change in serum triacylglycerols and lipoprotein
cholesterol concentrations was not totally unexpected because

the subjects were normolipemic. However, a significant in-
crease in triacylglycerols and a decrease in cholesterol were

reported in the postprandial state for choline-supplemented

individuals (34). Perhaps our studies were not of sufficient

duration for changes to be manifested.

In conclusion, supplementary choline, not pantothenate, sig-
nificantly reduced serum and urinary carnitine concentrations
under usual free-living dietary conditions and promoted carni-
tine conservation. The urinary response was rapid and stabi-

lized in 3-4 d. Choline supplementation improved the effi-

ciency of NEC reabsorption and may have precipitated drops in

serum carnitine concentrations simulating carnitine deficiency
in some individuals. These observations merit additional inves-

tigation to delineate the metabolic and functional consequences
of choline and carnitine interactions in humans. A
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