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Abstract

This study investigated the effects of carnitine and/or 7 -aminobutyric acid (GABA) supplementation on
lipid profiles and some immune related nutrient in mice. Balb/c male mice were orally treated with either an
AIN-76 diet (Con), a control diet plus carnitine (CS, 0.5 g/kg bw), a control diet plus GABA (GS, 0.5 g/kg bw)
or a control diet plus carnitine plus GABA (CGS, 0.25 g/kg bw, respectively) for 6 weeks. There were no
significant differences in feed consumption, energy intake, body weight gain or feed efficiency ratio among the
groups during the experimental period. However, abdominal fat depesits were smaller in CS, GS and CGS
groups compared with the Con group. Serum and liver triglycerides also were lower in CS, GS and CGS
and serum total cholesterol was significantly lower in the CGS group compared with the Con group. Serum
LDL cholesterol was lower in the CGS group and liver HDL cholesterol was significantly higher in the
CS group compared with Con group. In serum, stearic acid and selecholeic acid were lower, but arachidic
acid was higher in the GS group. Liver stearic acid was higher but oleic acid lower in CGS group compared
with Con group. In carnitine supplemented groups, serum and liver nonesterified carntine (NEC), acidsoluble
acylcarnitine (ASAC), total carnitine (TCNE) concentrations were higher in only the CS group, not CGS
group. Serum vitamin A and E concentrations were not different among the groups. These results may
suggest that carnitine andfor GABA supplementation improves lipid profiles in mice, but did not affect the

immune-related nutrients that we measured under the experimental conditions of this study.
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INTRODUCTION

Carnitine, is a quaternary amine (B-hydroxy- 7 -N-tri-
methylammonium butyric acid), that can be found in
almost all cells of higher animals (1). It is an essential
co-factor in the transfer of long-chain fatty acyl groups
(fatty acids with 10 or more carbon atoms) from the outer
mitochondria membrane into the inner mitochondiral
matrix for f-oxidation to acetyl coenzyme A (2). Ethanol
administration, both in humans and laboratory animals,
results in hyperlipidemia, fatty liver and ultimately the
most severe stage of alcoholic liver disease. Many pre-
vious studies have shown that camnitine supplementation
lowers ethanol-induced increases in various lipid frac-
tions in rat’s liver in a dose-related manner (3-6).

y -aminobutyric acid (GABA) is a ubiquitous non-
protein amino acid that is produced primarily by the « -
decarboxylation of L-glutamic acid (Glu) catalyzed by
the enzyme glutamate decarboxylase (GAD) (7). It is
well known that GABA functions in animals as a major
inhibitory neurotransmitter (8,9). GABA is involved in
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the regulation of cardiovascular functions, such as blood
pressure and heart rate, and plays a role in the sensations
of pain and anxiety (10). Many neurological disorders,
such as seizures, Parkinson’s disease, stiff-man syn-
drome, and schizophrenia are known to be related to al-
terations of the GABA and GAD levels in the brain
(10,11). Several researchers have attempted to identity ir-
regularities in GABA metabolism resulting from chronic
alcohol consumption; they found that alcoholics have
remarkably low plasma GABA concentrations and re-
duced expression of GABA receptors in the brain (10,12).

Accumulation of carnitine by rat brain slices and
synaptosomes was found to be competitively inhibited
by GABA. It was also demonstrated that the uptake of
GABA by the high-affinity system is competitively in-
hibited by carnitine, while the low-affinity system was
inhibited in a mixed way. All these observations sug-
gested that the carnitine entry into neural cells could be
affected by GABA and visa versa. Carnitine up-take in
rat brain slices is inhibited by GABA as a result of
competition at a common carrier site (13-15). These
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studies indicated that carnitine and GABA have a nu-
trient-nutrient interaction in in vivo systems.

Recently, there is increasing interest in the utilization
of GABA and carnitine as functional substances. In fact,
several lines of evidence have shown that supplemen-
tation of carnitine or GABA promotes improvements in
lipid profiles (16), immune function (17,18), and alcohol
related disease symptoms (16). However, no attempts
have been made to investigate the effects of carnitine.
"GABA, or both combined on immunoregulatory action
or nutrients which is associated with immune function.

The aim of this study was to investigate whether car-
nitine and/or GABA supplementation alters lipid profiles
and some immune-related nutrients in mice. These re-
sults will provide useful basic data for future inves-
tigations of the effects of carnitine and/or GABA supple-
mentation on immune function.

MATERIALS AND METHODS

Animal and diets

Male Balb/c mice, aged 4 weeks, were purchased from
Damul Science. (Dajeon, Korea). They were fed a nor-
mal chow (Jeil-jedaing, Suwon, Korea) for adaptation
during the first week, and were then randomly divided
into four groups of 8 each: control group (Con), carnitine
supplemented group (CS), GABA supplemented group
(GS), and carnitine and GABA supplemented group
(CGS). Each group was fed a normal AIN-76 purified
diet, as shown in Table 1. Each mouse was housed in
a polycarbonate cage and kept in a controlled environ-
ment, temperature (23 + 1°C), humidity (53 +2%), and
a 12 hr/12 hr light-dark cycle. The experimental diet and
water were provided ad [libitum. The mice were orally
administered carnitine and GABA once a day for 6
weeks in the supplement groups as shown in Table 2,
and given distilled water of the same volume in the
control group. The mice were weighed once a week.
Before the mice were sacrificed the diet was removed

Table 1. Composition of experimental diets”

Ingredient Percent (%)
Casein 20.0
Sucrose 50.0
Starch 15.0
Comn oil 5.0
Cellulose 5.0
Mineral mixture 35
Vitamin mixture 1.0
Choline bitartrate 0.2
DL-methionine 0.3
Total 100.0

YAll components are in units of g/100 g diet.

Table 2. Experimental design and sample treatments

Groupsl)
Sample
Con CS GS CGS
Carnitine (g/kg) - 0.5 - 0.25
GABA (g/kg) - - 0.5 0.25

l)Con, control diet; CS, carnitine supplemented; GS, GABA
supplemented; CGS, carnitine plus GABA supplemented.

from the cages for 12 hr. Blood samples were collected
form each mouse and incubated on ice water for 1 h.
Serum was separated from the blood by cnetrifugation
at 1,100 X g for 15 min at 4°C and kept at -80°C until
analysis. The liver and abdominal fat were removed,
rinsed with a phosphate buffered saline solution, wiped
with a paper towel, weighed, quickly frozen in liquid
nitrogen, and stored at -80°C until assayed.

Analysis of lipids

Triglyceride concentrations in serum and liver were
determined by the lipase-glycerol phosphate method (19)
using a commercial kit (Asan Pharm. Co., Seoul, Korea).
Serum and liver total cholesterol was determined using
a commercial kit from Asan Pharm. Co. (Seoul, Korea),
based on the cholesterol oxidase method (20). HDL-
cholesterol was analyzed enzymatically using a com-
mercial kit (Asan Pharm. Co., Seoul, Korea). The HDL-
cholesterol fractions were prepared by the dextran
sulfate—Mg++ method (21). LDL-cholesterol concentra-
tions were calculated by the Friedwald method (22).

Analysis of total fatty acid and vitamins

Total fatty acid composition was determined by mak-
ing methyl esters (23) that were analyzed by gas chro-
matography (Hewlett-packard Co., USA). Vitamin A and
vitamin E were analyzed by HPLC. A five hundred mg
sample was placed in a 15 mL test tube with 5 mL
ethanol and 0.1 g ascorbic acid. The test tube was placed
in a water bath and 50% KOH was added. The sample
was saponified for 15 min at 80°C. After saponification,
the flask was placed in an ice bath, and 3 mL water
and 5 mL hexane were added. The mixture was trans-
ferred to centrifuge bottle and centrifuged at 600 X g for
5 min the upper layer was transferred to a 125 mL sep-
aratory funnel. Extraction of the sample with 5 mL hexane
was rtepeated twice. The pooled hexane layers were
washed three times with 5 ml. water, filtered through
Na>S50, and then evaporated under a stream of nitrogen.
The sample was diluted with 1 mL mobile phase. The
high-performance liquid chromatography (HPLC) system
consisted of a Shimadzu (Tokyo, Japan) pump, Sil-10A
injector, RF-10A fluorescence detector with excitation
at 290 nm and emission at 330 nm for e« -tocopherol,
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and for retinal, excitation at 330 nm and emission at
420 nm, p-Bondapak C18 (Waters, Milford, MA) 5 um
column, 30 cm 3.9 mm i.d. was used. The mobil phases
were 95% methanol in water with a flow rate 1.3 mL/min
for 1 hr a flow rate of 1.0 mL/min for « -tocoperol, and
85% methanol in water with a flow rate of 1.0 mL/min
for retinal.

Protein and carnitine assay

Liver was prepared for carnitine assay as follows: 50
mg of liver was homogenized in 1.5 mL of cold distilled
water using a sonicator (Fisher Scientific Co., USA).
One volume (0.1 mL) of tissue extract was added to 9
volumes (0.9 mL) of 50 mmol/L. KOH and allowed to
sit overnight at room temperature. Non-collagen protein
(NCP) was determined using a Bio-Rad protein assay
(BIO-RAD Co., USA), based on the method of Bradford
(24). Non-esterified carnitine (NEC), acid-soluble acyl-
carnitine (ASAC), and acid-insoluble acylcarnitine (AIAC)
in serum and tissues, were determined by the radio-
enzymatic procedure of Cederblad and Lindstedt (25),
as modified by Sachan et al. (26). In this method, AIAC
was precipitated with perchloric acid and centrifugation
leaving the ASAC and NEC in the supernatant. An
aliquot of the supernatant was assayed to determine the
NEC and another aliquot hydrolyzed with 0.5 N KOH
to assay all acid-soluble carnitines (ASAC +NEC). ASAC
was calculated as the difference between the NEC and
the total acid-Soluble carnitines. The pellets containing
the AIAC were drained, washed, and hydrolyzed in 0.5
N KOH for 60 min in a hot water bath at 60°C. In each
case camitine was assayed by using carnitine acetyl-
transferase (Sigma, UAS) to esterify the carnitine to a
[MC]acetate from [1-'4C]acetyl CoA (Amersham, UK).
-Radioactivity of the samples was determined in a Beck-
man LS3801 liquid scintillation counter (Beckman In-
struments, Palo Alto, USA).

Statistical analysis

Data from individual experiments are expressed as the
mean *standard deviation. All statistical analyses were
performed on SAS version 8 (SAS Institute, Cary, NC,

Table 3. Effect of carnitine and/for GABA supplementation

USA). Significant differences between mean values were
determined by Duncan’s multiple range test (27); p<
0.05 was judged to be statistically significant.

RESULTS AND DISCUSSION

Food intake, body weight gain, and abdominal fat
deposition

There were no significant differences in feed con-
sumption, energy intake, body weight gain and feed ef-
ficiency ratio among the groups during the experiment
period (Table 3). However, abdominal fat deposits were
smaller in carnitine and/for GABA supplemented groups
(Fig. 1). Adiposity located centrally in the abdominal
region is distinctly associated with hyperlipidemia, com-
pared with generalized distributions of body fat, and is
also associated with lipoprotein abnormalities charac-
terized by elevated VLDL and LDL concentrations. This
suggested that supplementation of carnitine and/for GABA
can decrease the risk for coronary heart disease. Leptin
is an adipocyte-secreted hormone that regulates weight
centrally. Several in vivo studies (28,29) have suggested
a potential role for leptin in modulating the immune
response. Leptin could be a link between nutritional
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Fig. 1. Effects of Camitine and/for GABA on abdominal fat
rate. The error bars show the standard deviation of the mean
for 8 rats. Letters above the bars are indicate significantly
differences (p < 0.05) by Tukey’s test. Con, control diet; CS, car-
nitine supplemented; GS, GABA supplemented; CGS, car-
nitine plus GABA supplemented.

on feed consumption and body weight gain in mice

Groupsl)
Con CS GS CGS
Feed consumption (g/day) 4.37+0.397 3.89+0.72 3.80+0.07 4.19+0.50
Energy intake (kcal/day) 16.83+1.50 14.96+2.76 14.62+0.27 16.12+1.93
Initial body weight (g) 18.16+0.62 18.88£1.05 18.41+0.77 18.15+0.57
Weight gain (g) 7.30=0.64 6.891+1.05 7.31=1.04 6.77+0.83
Feed efficiency ratio” 1.70+0.22 1.67+0.14 1.85+0.12 1.65+0.09

USee the legend of Table 2.
DAll values are mean=SD (n=8).

YFeed efficiency ratio was calculated as weight gain (day) / dietary intake (day).
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status and the immune system. Palacio et al. (28) reportd
that low leptin levels found in malnourished infants have
been associated with suppression of the lymphoproli-
ferative response, and weight gain is followed by a sig-
nificant increase in circulating leptin levels in parallel
with a significant increase in Thl activity (29). We did
not assay serum leptin concentrations. We did not an-
ticipate differences in leptin concentrations resulting
~from carnitine andfor GABA supplementation because
our experimental conditions maintained a normal nutri-
tional status for all animals. Further study is needed to
investigate how carnitine and/or GABA supplementation
modulates mice abdominal fat ratio without weight
change in a normal state, and to elucidate the metabolic
pathway involved.

Lipid levels and total fatty acid composition

It was observed that carnitine supplementation lowered
ethanol-induced increases in various lipid fractions (4).
We previously demonstrated that the supplementation of
carnitine/GABA prevented ethanol induced increases in
serum triglyceride concentrations (16). In this study, se-
rum and liver triglycerides were decreased in all carnitine
and/or GABA supplemented groups compared to the Con
group. Serum total cholesterol was significantly decreased
in the CGS group compared with Con group. Serum
HDL cholesterol was significantly increased in the GS
and CGS groups compared with Con group. Serum LDL-
cholesterol concentrations are generally considered to be
a good indicator of abnormal lipoprotein metabolism,
and are directly correlated with risk for coronary heart
disease and atherosclerosis (30,31). In this study, serum
LDL cholesterol was only lower in the CGS group. In
liver, HDL cholesterol was significantly increased in the
CS group compared with the Con group (Table 4). Ac-
cordingly, we expect that carnitine andfor GABA sup-
plementation may improve lipid parameters in mouse
serum and liver.

In serum, stearic acid (C18:0) and selecholeic acid
(C24:1) were lower but arachidic acid (C20:0) was
higher in the GS group. Liver stearic acid (C18:0) was
higher but oleic acid (C18:1) was lower in the CGS
group (Table 5). There is little data on the effects of
carnitine and/for GABA on free fatty acid concentrations.
Therefore, further study is needed to determine how
carnitine and/or GABA modulates the metabolism of free
fatty acids.

Carnitine concentration

Carnitine supplementation has been previously shown
to increase plasma carnitine concentrations (32-35). In
this study, serum and liver carnitine (TCNE, NEC, and
ASAC) concentrations were higher in only the group
supplemented with only carnitine (Table 6). However
serum and liver AIAC was the same in all groups. Sup-
plementation with carnitine and antioxidants has been
shown to increase serum AJAC only in long-term trained
rats, which most likely reflects an increase in free fatty
acid release from adipose tissue. Furthermore, this in-
crease was significant, the AIAC increment in serum
probably reflected an enhanced flux from serum to other
organs through B-oxidation during exercise. Others have
shown that maximal intensity exercise, but not submax-
imal exercise, causes a depletion of free carnitine ac-
companied by increased acylcarnitine (34-36). Previ-
ously, we showed that both exercise and a high fat diet
can increase blood carnitine concentrations (37). We also
showed that exercise alone increases carnitine concen-
trations (37,38). An interesting finding in the present
study was the changes serum carnitine concentration by
GABA supplementation (Table 6). Another study re-
ported interactive effects of choline and carnitine in
normal healthy humans and animals. Choline supple-
mentation resulted in decreased urinary excretion of
carnitine in young adult women. Guinea pigs were shown
to be a suitable animal model for studying the effect

Table 4. Effects of carnitine andfor GABA administration on serum and liver lipid concentrations in mice

Groups‘)
Con CS GS CGS

Serum (mg/dL)

Triglyceride 209.46 +20.707* 169.54 +20.89" 157.51+27.73° 156.91+33.33"
Total cholesterol 177.59+ 10.75* 169.52+11.33® 171.99+10.44° 151.36+27.53°
HDL-cholesterol 41.15+5.79° 50.88+11.34% 64.169.78" 62.83+6.55 °
LDL-cholesterol 88.59+13.07° 79.97 +8.54° 73.47+9.96 54.78+13.57°
Liver (mg/g)

Triglyceride 68.17 +2.96" 47.69+5.12° 52.58+12.70 5523+6.21°
HDL-cholesterol 1.12+0.12° 1.90+0.30° 1.59+0.37% 1.76 £0.39®

USee the legend of Table 2.
DAll values are mean*SD (n=8).

?Values with different superscripts in the same rows are significantly different (p <0.05).
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Table 5. Effects of carnitine and/jor GABA administration on serum and liver total fatty acid composition in mice

Groupsl)
Con Cs GS CGS
Serum (Con.%)
Cl14:0 8.81+3.89% 12.94+5.41 5.15+3.99 12.07+5.64
C16:0 10.51+2.14 11.18%+2.97 13.41+3.75 11.29+3.04
C16:1 13.08+4.91 7.95+3.56 13.20+4.50 10.68 +3.04
C17:0 3.12+1.59 4.63+1.99 430+1.72 5.18+2.58
C18:0 12.54+1.84* 11.44+1.78° 8.06+0.95" 11.00 + 1.40°
C18:1n9 5.43+251 5.54+2.09 5.43+2.88 3.91+1.79
C18:2n6 7.72+3.90 751+3.74 13.70*+4.63 7.67+3.48
C20:0 14.38 +2.95° 13.57+2.40° 18.62 £ 1.59° 11.38+3.01°
C22:2 11.54+3.51 9.14+3.77 9.60+4.00 13.32+4.08
C24:0 837+3.17 11.51+4.08 7.92+3.88 7.90+3.79
C24:1 4.50+2.33° 4.59+1.56 0.62+0.37° 5.62+2.90°
Liver (Con.%)
C14:0 7.86+3.99 11.12+4.50 8.38+3.81 8.91+3.72
C16:0 6.85+1.76 6.38+1.90 5.29+1.45 5.66+1.88
C16:1 6.36+321 6.83+3.74 5.39+3.59 9.26+4.02
C17:0 7.77+2.04 4.88+2.51 8.50+3.96 425+2.99
C18:0 458+1.37° 7.54+2.34% 7.73+2.17* 11.87+1.92°
C18:1n9 15.96£3.41° 11.64+2.98° 12.46 +£2.73%® 9.95+2.43"
C18:2n6 8.62+3.72 10.49+4.19 9.94+2.41 7.85+3.72
C18:3n6 8.51+3.92 5.36+2.84 6.96+2.95 6.11+3.01
C20:1 7.50+0.55 7.03+0.76 7.07+1.09 8.28+1.94
C20:3n3 9.92+2.96 10.60+3.72 12.08+4.17 12.44+3.99
C22:0 9.75+2.74 11.35+3.63 11.54+2.92 11.80+1.82
C23:0 6321391 6.79+2.84 4.66+1.79 3.61+2.09

USee the legend of Table 2.

DAll values are mean=SD (n=8).
?Values with different superscripts in the same rows are significantly different (p<0.05).

Table 6. Concentration of carnitine and ratio of acyl/free camitine in serum

Groupsl)

Con Cs GS CGS
Serum (umolL/L)
NEC 18.03 437" 3825+6.87° 33.67+11.84° 41.05+827°
ASAC 22.15+4.15° 3410%6.12° 30.78 £7.72° 21.05+6.43"
AIAC 0.32+0.27 0.65+0.48 0.56+0.69 0.66+026
TCNE 40.17+£4.63° 69.98+5.23" 63.34+9.7° 59.59+7.85"
Acyl/Free 1.46--0.42° 0.84+0.19° 0.98+0.31° 0.58+0.33"
Liver (nmoL/mg NCP)
NEC 3.14+0.8° 451+0.71° 3.62+0.80" 4.22+0.94%
ASAC 1.001+0.227° 1.243+0.001° 1.055+0.097* 1.074+0.195®
AIAC 0.52+0.13 0.56+0.05 0.54+0.09 0.55+0.10
TCNE 4.57+0.44° 5.98+1.67° 4.65+053° 5.13+0.72®
Acyl/Free 0.48+0.12 0.39+0.13 0.45+0.13 0.38%0.17

YCon, control diet; CS, carnitine supplemented; GS, GABA supplemented; CGS, carnitine plus GABA supplemented; NEC,
Nonesterified camntine; ASAC, Acidsoluble acylcarnitine; AIAC, Acidinsoluble Acylcarnitine; TCNE, Total carnitine; Acyl/Free

ratio, (ASAC+ AIAC)/NEC; NCP, non-collagen protein.

’All values are mean=SD (n=8).
Values with different superscripts in the same rows are significantly different (p<0.05).

of choline supplementation on carnitine status in humans, increased serum carnitine concentration in mice (Table
and that research demonstrated that choline results in a 6). We did not measure the urinary carnitine levels in
conservation of carnitine in guinea pigs and perhaps in this study, and further study is needed to elucidate the
humans (39). In our data, supplementation of GABA also role of GABA in regulating carnitine metabolism.
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Table 7. Effects of carnitine and/for GABA administration on serum vitamin A and E composition in mice (mg/dL)

63

Groupsl)
Con CS GS CGS
Vit. A 0.0035 +0.0007% 0.0029 £0.0004 0.0021 +=0.0005 0.0025£0.0005
Vit. E 0.0015 +0.0002 0.0014 £0.0001 0.0017+0.0003 0.0019+0.0003

"See the legend of Table 2.
YAll values are mean=SD (n=8).

Vitamin A and E concentration

Serum vitamin A and E were not different among any
of the groups (Table 7). Vitamin E is a major lipid-
soluble antioxidant, which is concentrated in the hydro-
phobic interior cell membranes; it is widely known to
trap free radicals and prevent oxidative damage of mem-
branes. Early studies reported that high contents of vi-
tamin E and vitamin A in diets reverses age-related de-
clines in immune function (40), and that ¢ -tocopherol
in hippocampus, hypothalamus, striatum, cerebellum and
cortex is increased by L-carnitine supplementation (300
mg/dw). The accumulation of lipofuscin was also found
to be decreased after L-carnitine administration (41). The
data suggests that decrement of lipofusctin accumulation
by L-carnitine may be partially due to its antioxidant
activity. However, in our study, serum vitamin A and
E concentrations were unaffected by both carnitine and
GABA supplementation. These data suggest that serum
vitamin A and E concentrations may not be affected by
supplementation of carnitine andfor GABA in the normal
state in mice.
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