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ABSTRACT
Background: Fat metabolism is known to be altered

in hypertriglyceridemia. Fat oxidation requires carni-
tine, which can be obtained either from the diet (animal
or dairy products) or through synthesis in the body
using both lysine and vitamin B6.

Objective: The goal of this study was to investigate
he effect of lysine, vitamin B6, and carnitine supple-

mentation on both glycemia and the lipid profiles,
specifically triglyceride (TG) levels, in men with
hypertriglyceridemia.

Methods: This 12-week, randomized, placebo-con-
trolled clinical trial was conducted at a Lebanese med-
ical center. A total of 85 hypertriglyceridemic (TG�

150 mg/dL) male patients were randomized to 1 of 5
groups and given supplements of lysine (1 g/d), vitamin
B6 (50 mg/d), lysine (1 g/d) � vitamin B6 (50 mg/d),
arnitine (1 g/d), or placebo for 12 weeks. The lipid
rofile (TG, total cholesterol, LDL-C, and HDL-C)
nd fasting plasma glucose levels were assessed at base-
ine and at 6 and 12 weeks.

Results: Adults (�50 years) Lebanese males from a
ow socioeconomic status in Beirut were given the ap-
ropriate supplements. Vitamin B6 supplementation
as associated with a significant reduction in total cho-

esterol and HDL-C of �10%. In addition, plasma TG
as reduced by 36.6 mg/dL at 6 weeks, whereas levels

n the placebo group increased by 18 mg/dL; this dif-
erence failed to reach statistical significance. No major
hanges in the lipid profile were observed in the lysine
nd carnitine groups or when lysine was added to vi-
amin B6.

Conclusion: Vitamin B6 supplementation in these

male patients with hypertriglyceridemia reduced plasma

1674
total cholesterol and HDL-C concentrations. (Clin Ther.
2012;34:1674–1682) © 2012 Elsevier HS Journals, Inc.
All rights reserved.

Key words: carnitine, hypertriglyceridemia, lipid pro-
file, lysine, vitamin B6.

INTRODUCTION
Hypertriglyceridemia (fasting plasma triglyceride [TG]
�150 mg/dL) is classified into 2 types, primary and
secondary. Primary hypertriglyceridemia is believed to
be caused by various genetic defects whereas the second-
ary type seems to be the result of acquired causes, includ-
ing obesity, diabetes, excessive alcohol use, high carbohy-
drate intake, and use of certain medications. However,
most cases of hypertriglyceridemia are caused by a com-
bination of �1 factor. The secondary type of hypertri-
glyceridemia is associated with alterations in lipid metab-
olism related to abnormalities in the transport, synthesis,
or oxidative capacity of fatty acids.1,2

Carnitine palmitoyltransferase, an enzyme that con-
trols the availability of long-chain fatty acids for mito-
chondrial oxidation,3–6 requires carnitine for its syn-
thesis. Carnitine itself can be synthesized in the body or
obtained from an individual’s diet, predominantly
from meat and dairy products.7 Endogenous synthesis
f carnitine occurs primarily in the liver and kidneys
nd requires 2 essential amino acids (lysine and methi-
nine) and vitamin B6.4,5 Lysine deficiency reportedly
educes carnitine levels in the body and increases lipid
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accumulation.8,9 Lysine supplementation of a lysine-
deficient diet (eg, a wheat diet) was found to diminish
the TG level of tissues and improve muscle carnitine
levels.9 Feeding rats a 72% rice diet, which contains no
etectable carnitine and is limited in lysine, increased
epatic lipid (TG and total cholesterol) accumulation;
hese lipid levels were decreased by 40% with lysine
0.2%) supplementation.8 These studies suggest that

cereal-based diets, which are limited in lysine, have the
potential to negatively affect carnitine synthesis10,11

and, in turn lipid status, but this has yet to be shown in
humans. Moreover, a diet deficient in vitamin B6 was
reported to reduce carnitine biosynthesis,12 and the
addition of a vitamin B6 antagonist, L-amino-D-pro-
line, to a perfused rat liver was found to lower carnitine
concentrations, a reduction that was reversed by the
administration of vitamin B6.13 Thus, vitamin B6 is
eeded for carnitine synthesis,4,12 which implies that

low vitamin B6 levels can impair carnitine synthesis
and hence alter the lipid profile.14

In Lebanon, a high prevalence of hypertriglyceridemia
(52.4% in men) is associated with a high percentage of
energy intake from carbohydrates, in which cereal and
cereal products are the main component. These products
are mainly consumed by individuals of low to moderate
socioeconomic status.15 In addition, premenopausal Leb-
anese women of low to moderate socioeconomic status
reportedly have low vitamin B6 levels and high plasma

G levels.16 Based on these findings, it is reasonable to
postulate that subjects of low socioeconomic status are at
risk of having inadequate supplies of lysine, carnitine, and
vitamin B6, which can be attributed to the consumption
of a diet high in cereals and low in animal proteins. This
hypothesis is also plausible given that the country imports
�75% of its wheat consumption17 and has no flour for-
tification policy.

We hypothesized that an inadequate intake of lysine
and vitamin B6, in combination with a low intake of
carnitine (associated with reduced consumption of an-
imal protein), would lower the body’s capacity to syn-
thesize carnitine. Under such conditions, the capacity
to oxidize fatty acids would be reduced, thus leading to
fatty acid accumulation. The current study was there-
fore designed to investigate the effect of lysine, vitamin
B6, and carnitine supplementation on the lipidemic and
glycemic profiles of hypertriglyceridemic male subjects
of low socioeconomic status. The study was conducted
on a small number of subjects and thus was restricted

to males to minimize the effect of other variables and
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possible confounders, especially because lipid metabo-
lism is known to be affected by sex hormones and the
use of oral contraceptives.18

PATIENTS AND METHODS
The study was approved by the institutional review board
of the American University of Beirut. Subjects were iden-
tified from the medical records of the Rafic Hariri Medi-
cal Center (Tarik Al Jadida, Beirut, Lebanon) that caters
to a catchment area of individuals with low socioeco-
nomic status. Patients with hypertriglyceridemia were
contacted and asked to come to the center if they were
willing to participate in the study and sign an informed
consent form. A total of 100 male patients with a history
of high TG levels (�150 mg/dL) and no history of renal,
hepatic, or gastrointestinal disease, cancer, or alcohol
or drug abuse were randomly divided into 5 groups
(n � 20 each group) and maintained on their respec-
ive supplement for 12 weeks: lysine tablets (1 g/d),
itamin B6 tablets (50 mg/d), lysine (1 g/d) � vitamin

B6 (50 mg/d) tablets, carnitine tablets (1 g/d), and
lacebo tablets (Figure).

During the first visit, fasting (10–12 hours) blood sam-
les were collected, anthropometric measurements were
aken, and patients were given 50 tablets, which was suf-
cient for the first part of the study (a period of 6 weeks).
atients were asked to maintain their normal eating hab-
ts and use of medications. They were contacted by tele-
hone every 2 weeks to ensure their compliance and well-
eing. During the second meeting (week 6), patients were
eighed, fasting blood samples were collected, and the
atients were given the rest of the supplements (40 tab-
ets), sufficient for the remainder of the study period (an-
ther 6 weeks). At 12 weeks (final visit), patients were
eighed, and fasting blood samples were collected. The
ropout rate was 15%, and a total of 85 subjects com-
leted the study. During the experimental period, none of
he patients reported any discomfort regarding ingestion
f the different supplements. Plasma was extracted and
tored at �80°C until analysis. Plasma lipid profile (TG,
otal cholesterol, LDL-C, and HDL-C) and fasting
lasma glucose (FPG) concentrations were determined by
sing the SYNCHRON CX System (Coulter 2000
Johnson&Johnson company, Rochester New York]).

Statistical Analysis
Data were analyzed by using Stata version 10

(StataCorp LP, College Station, Texas) and SPSS version

16 (SPSS Inc, Chicago, Illinois). Statistical treatment of
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Clinical Therapeutics
the data included 1-way ANOVA for comparison of the
baseline patient characteristics. At each time point, an
unpaired t test was used for the comparison of mean
hanges in each parameter in each treatment group com-
ared with placebo. The level of significance was set at 0.05.

RESULTS
Baseline Characteristics

Baseline anthropometric characteristics (age and body
mass index) did not differ significantly between groups
(Table I). Moreover, other characteristics such as educa-
tional level, family or personal history of heart disease,
smoking, and diabetes were not significantly different be-
tween groups. The number of patients with hypertension
or taking antihypertension medication was significantly
different between groups.

Weight at baseline was similar between groups, and
the changes in weight at 6 and 12 weeks (Table II) in
the treatment groups were similar to that of the pla-
cebo group.

Plasma TG Levels
Baseline plasma TG concentrations in the placebo

group were similar to those in the treatment groups

Asses
(TG lev

(

Allocated to lysine group (1 g/d)
(n = 20)

Received allocated intervention
(n = 20)     

Allocated to vitamin B6 group
(50 mg/d) (n = 20)
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Allocated to l
+ vitam
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Received allo
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Figure. Protocol flow diagram.
(Table III). At week 6, the change in TG levels of the
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lacebo group was similar to that of the treatment
roups, and a comparable pattern was observed at week
2. However, at the end of the study, plasma TG of the
ysine and the vitamin B6 groups decreased slightly,
whereas that of the other groups increased by a simi-
lar magnitude; these changes were not statistically
significant.

Total Cholesterol
At baseline, plasma total cholesterol concentrations

of the placebo group were similar to those of the treat-
ment groups. At week 6, changes in total cholesterol
levels in the vitamin B6 and lysine � vitamin B6 groups
were significantly lower than that of the placebo group
(Table IV). This reduction sustained its significance in
the vitamin B6 group at week 12.

Plasma HDL-C
At baseline, HDL-C concentrations of the treatment

groups were not different from that of the placebo
group. At week 6, changes in HDL-C levels of the dif-
ferent groups were similar to that of the placebo group
(Table V). However, the change in HDL-C levels in the
lysine and vitamin B6 groups were significantly lower

ligibility
 mg/dL)
   

up (1 g/d)
up 

 20)
ervention 

Allocated to carnitine group 
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Received allocated intervention 
(n = 20)    
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(n = 20)    
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erest 
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Lost to follow-up (n = 5) 
Reason: traveled out of the 
country; lost interest 
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Lost to follow-up (n = 0) 
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Plasma LDL-C
No significant differences were observed in LDL-C

concentrations between the placebo group and the treat-
ment groups at baseline. At week 6, the changes in
LDL-C levels in the vitamin B6 groups were significantly
ower than that of the placebo group, but the magnitude
f changes failed to sustain significance at week 12 (Table
I). Thus, no statistically significant changes were ob-

erved between placebo and the treatment groups at
eek 12.

Fasting Plasma Glucose
Baseline FPG was similar between the placebo and

treatment groups. At weeks 6 and 12, the change in FPG
in the placebo group was similar to that of the treatment
groups; although the magnitude of changes was higher in
the lysine group, this did not reach the level of statistical
significance (Table VII).

DISCUSSION
The current study was designed to investigate the effect

Table I. Baseline patient characteristics. Values are g

Characteristic
Placebo
(n � 19)

Lysine
(n � 15)

Age, mean (SD), y 51.79 (12.31) 56.8 (11.17)
Body mass index, mean
(SD), kg/m2 29.93 (3.80) 32.12 (3.56)
Educational level

�Secondary 12 (63.16) 11 (73.33)
�Secondary 7 (36.84) 4 (26.67)

Family history of heart
disease 3 (15.79) 3 (20.00)
Personal heart disease 4 (21.05) 2 (13.33)
Duration of high TG
levels, mean (SD) 3.11 (3.93) 5 (7.10)
Smoker 9 (47.37) 6 (40.00)
Hypertension 5 (26.32) 9 (60.00)
Antihypertensive drug use 5 (26.32) 10 (66.67)
Diabetes† 5 (26.32) 6 (40.00)
Antidiabetic drug use 3 (15.79) 5 (33.33)
Fibrate use 0 (0.00) 3 (20.00)
Statin use 1 (5.26) 2 (13.33)

TG � triglyceride.
*ANOVA P value, P � 0.05.
†Patients were considered to have diabetes if they had basel
measurements or if they declared taking antidiabetic drugs
of lysine, vitamin B6, and carnitine supplementation on i

August 2012
he lipid profile of hypertriglyceridemic male patients
iving in an area associated with low socioeconomic
tatus, which makes them at risk of having low levels of
hese nutrients. The fact that hypertriglyceridemia is
sually associated with other components of the met-
bolic syndrome made it difficult to obtain homoge-
ous groups, and this limitation is likely to have had an
mpact on our results and their interpretation. How-
ver, the minimal changes in lipids and glucose status
hat were observed in the placebo group, as well as the
imilarity in weight changes of the different groups
hroughout the study, implies that the changes in the
reatment groups were mainly attributable to the sup-
lement rather than other confounding factors such as
change in eating habits.
In the current study, vitamin B6 supplementation

was found to reduce the different components of the
lipid profile by �10%, significantly lowering levels of
total cholesterol and HDL-C. This finding is in line
with animal and human studies,19,20 in which pyridox-

s no. (%), unless otherwise indicated.

amin B6

� 18)
Lysine � Vitamin B6

(n � 18)
Carnitine
(n � 15) P*

.3 (11.29) 51.39 (11.97) 55.6 (10.70) NS

7 (4.85) 29.69 (3.01) 31.34 (5.42) NS
NS

9 (50.00) 9 (50.00) 8 (53.33)
9 (50.00) 9 (50.00) 7 (46.67)

3 (16.67) 4 (22.22) 5 (33.33) NS
4 (22.22) 1 (5.56) 6 (40.00) NS

6 (6.35) 2 (2.79) 7.53 (5.15) NS
7 (38.89) 10 (55.56) 5 (33.33) NS
4 (22.22) 2 (11.11) 7 (46.67) 0.022*
8 (44.44) 3 (16.67) 6 (40.00) 0.04*
4 (22.22) 3 (16.67) 8 (53.33) NS
3 (16.67) 2 (11.11) 5 (33.33) NS
2 (11.11) 2 (11.11) 2 (13.33) NS
4 (22.22) 2 (11.11) 5 (33.33) NS

ting plasma glucose �126 mg/dL on the basis of at least 2
iven a

Vit
(n

49

31.4

4.5

ine fas
.

ne supplementation of atherosclerotic patients with
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low plasma pyridoxal phosphate (PLP) levels was re-
ported to significantly decrease total cholesterol and
LDL-C levels, while having minimal effects on TG and
HDL-C.20 The magnitude of the decrease was similar
to that of the current study.

The exact mechanism by which vitamin B6 alters
lipid profiles is unclear. Vitamin B6 is known to play

role in the desaturation and elongation of fatty
cids, methylation of phospholipids, and mobiliza-

Table II. Mean patient weight at baseline and change

Characteristic
Placebo
(n � 19)

Lysin
(n � 1

Baseline weight, kg
Mean (SD) 89.6 (16.1) 94.5 (1
P* NS

� Weight at week 6, kg
Mean (SD)† �1.66 (3.1) �1.70 (3
P* NS

� Weight at week 12, kg
Mean (SD)‡ �2.71 (3.77) �2.1 (3
P* NS

*Unpaired t test, comparison with placebo.
†Change at week 6 � mean (weight week 6 � body weight w
‡Change at week 12 � mean (weight week 12 � body weigh

Table III. Plasma triglyceride (TG) concentration at b

Characteristic
Placebo
(n � 19)

Lysine
(n � 15)

Baseline TG, mg/dL
Mean (SD) 252.2 (82.6) 245.4 (100
P* NS

� TG at week 6, mg/dL
Mean (SD)† 50.11 (136.34) �8.87 (146
P* NS

� TG at week 12, mg/dL
Mean (SD)‡ 18.42 (101.23) �11.40 (126
P* NS

*Unpaired t test, comparison with placebo.
†Change at week 6 � mean (TG week 6 � TG week 0).
‡Change at week 12 � mean (TG week 12 � TG week 0).
1678
ion of unsaturated fatty acids from triglycerides to
hospholipids.21 Increased delta-desaturase activity
eportedly stimulates prostaglandin E1 synthesis,

which in turn inhibits cholesterol biosynthesis and
subsequently modifies cholesterol levels.19 This is
supported by the finding that prostaglandin E1 treat-
ment of rats was found to decrease the concentra-
tions of total lipids, cholesterol, TG, phospholipids,
and all HDL-C lipid fractions.22 Conversely, PLP

eight at study weeks 6 and 12.

Vitamin B6

(n � 18)
Lysine � Vitamin B6

(n � 18)
Carnitine
(n � 15)

91.6 (16.9) 87.8 (10.8) 95.0 (19.5)
NS NS NS

�0.6 (4.7) �0.36 (1.3) �0.93 (1.8)
NS NS NS

�2.1 (5.0) �1.0 (1.9) �2.0 (2.5)
NS NS NS

).
k 0).

ne and changes after intake of the supplements.

Vitamin B6

(n � 18)
Lysine � Vitamin B6

(n � 18)
Carnitine
(n � 15)

247.7 (106.1) 252.0 (92.0) 233.2 (72.6)
NS NS NS

�19.39 (120.68) �12.39 (79.73) 16.47 (77.26)
NS NS NS

�36.61 (146.75) 29.94 (123.37) 20.13 (67.46)
NS NS NS
s in w

e
5)

2.4)

.1)

.9)

eek 0
t wee
aseli

.6)

.61)

.0)
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was reported to prevent nonenzymatic glycosylation
of proteins by competitive inhibition,23 which con-
sequently leads to an increase in antithrombin III
activity.20 Nonenzymatic glycosylation of anti-
thrombin III decreases its activity, which may lead to
abnormal accumulation of fibrin that can result in
long-term vascular complications, particularly in
patients with diabetes.24 Moreover, glycosylated

Table IV. Plasma total cholesterol (TC) concentratio

Characteristic
Placebo
(n � 19)

Lysine
(n � 15)

Baseline TC, mg/dL
Mean (SD) 203.4 (36.6) 211.1 (39
P* NS

� TC at week 6, mg/dL
Mean (SD)† 11.63 (28.75) �3.93 (36
P* NS

� TC at week 12, mg/dL
Mean (SD)‡ 2.63 (37.16) �11.67 (45
P* NS

*Unpaired t test, comparison with placebo.
†Change at week 6 � mean (TC week 6 � TC week 0).
‡Change at week 12 � mean (TC week 12 � TC week 0).

Table V. Plasma HDL-C concentration at baseline an

Characteristic
Placebo
(n � 19)

Lysi
(n �

Baseline HDL-C, mg/dL
Mean (SD) 34.8 (6.4) 36.7 (
P* NS

� HDL-C at week 6, mg/dL
Mean (SD)† �0.84 (4.51) �1.54 (
P* NS

� HDL-C at week 12, mg/dL
Mean (SD)‡ �0.47 (4.18) �2.40 (
P* 0.03

*Unpaired t test, comparison with placebo.
†Change at week 6 � mean (HDL-C week 6 � HDL-C week
‡Change at week 12 � mean (HDL-C week 12 � HDL-C we
August 2012
DL-C has diminished ability to be bound and de-
raded,25 and thus the inhibition of LDL-C glycosy-

lation by PLP would enhance the catabolism of
LDL-C. Vitamin B6 was also proposed to affect the
ipid profile through its capacity to inhibit steroid
ormone receptors,26 especially because steroid hor-
ones (eg, glucocorticoid, testosterone) reported af-

ect the lipid profile.27,28

aseline and changes after intake of the supplements.

Vitamin B6

(n � 18)
Lysine � Vitamin B6

(n � 18)
Carnitine
(n � 15)

236.1 (43.1) 225.4 (60.3) 213.7 (41.2)
NS NS NS

17.17 (36.32) �6.39 (22.95) 3.67 (35.00)
0.011 0.043 NS

21.50 (36.46) �8.72 (38.82) �7.87 (40.54)
0.05 NS NS

nges after intake of the supplements.

Vitamin B6

(n � 18)
Lysine � Vitamin B6

(n � 18)
Carnitine
(n � 15)

40.7 (6.8) 38.5 (6.9) 36.1 (4.5)
NS NS NS

) �3.94 (5.31) �1.94 (3.98) �1.93 (3.49)
NS NS NS

) �3.72 (3.83) �2.94 (4.62) �1.73 (3.26)
0.02 NS NS
n at b

.0)

.26) �

.53) �
d cha

ne
15)

8.7)

4.32

4.03
7

0).
ek 0).
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The failure of carnitine supplementation in our
study to affect FPG and the lipid profile is consistent
with other reports29,30 in which L-carnitine (1 g/d)
supplementation for 6 months failed to affect the
glycemic and lipidemic profiles of patients newly di-
agnosed with diabetes.29 In addition, diet supple-
mentation of patients with type 2 diabetes using car-
nitine (3 g/d) for 12 weeks failed to affect LDL-C,
HDL-C, glycosylated hemoglobin, or total choles-

Table VI. Plasma LDL-C concentration at baseline an

Characteristic
Placebo
(n � 19)

Lysine
(n � 15

Baseline LDL-C, mg/dL
Mean (SD) 112.0 (30.9) 117.5 (30
P* NS

� LDL-C at week 6, mg/dL
Mean (SD)† 1.11 (16.32) �3.20 (21
P* NS

� LDL-C at week 12, mg/dL
Mean (SD)‡ �3.79 (18.86) �5.67 (24
P* NS

*Unpaired t test, comparison with placebo.
†Change at week 6 � mean (LDL-C week 6 � LDL-C week 0
‡Change at week 12 � mean (LDL-C week 12 � LDL-C wee

Table VII. Fasting plasma glucose (FPG) concentratio

Characteristic
Placebo
(n � 19)

Lysine
(n � 15)

Baseline FPG, mg/dL
Mean (SD)* 116.8 (34.0) 137.1 (56
P† NS

� FPG at week 6, mg/dL
Mean (SD)‡ �1.26 (13.67) �18.90 (37
P† NS

� FPG at week 12, mg/dL
Mean (SD)§ �4.37 (12.56) �8.80 (30
P† NS

*One abnormally high glucose level was excluded.
†Unpaired t test, comparison with placebo.
‡Change at week 6 � mean (FPG week 6 – FPG week 0).
§Change at week 12 � mean (FPG week 12 – FPG week 0).
1680
terol, whereas FPG levels decreased significantly by
�13% when L-carnitine was added to preexisting
treatment with hypoglycemic drugs.30 The low im-
pact of carnitine supplementation on lipid profiles
indicates that the effect of vitamin B6 may not have

een related to its capacity to stimulate endogenous
arnitine synthesis.4 This is also supported by the

finding that the alteration in lipid profile was not
affected by the addition of lysine to vitamin B6, fur-

nges after intake of the supplements.

Vitamin B6

(n � 18)
Lysine � Vitamin B6

(n � 18)
Carnitine
(n � 15)

137.7 (41.2) 123.3 (41.8) 117.7 (27.9)
NS NS NS

�14.83 (25.72) �6.17 (16.76) 2.40 (22.81)
0.029 NS NS

�12.56 (26.15) �10.72 (24.33) �4.07 (29.40)
NS NS NS

baseline and changes after intake of the supplements.

Vitamin B6

(n � 18)
Lysine � Vitamin B6

(n � 18)
Carnitine
(n � 15)

117.6 (50.7) 108.2 (31.3) 137.9 (54.8)
NS NS NS

�7.56 (29.74) �3.0 (13.20) �1.29 (35.22)
NS NS NS

�6.56 (28.89) �3.78 (16.43) �10.29 (22.90)
NS NS NS
d cha

)

.7)

.83)

.01)

).
k 0).
n at

.9)

.50)

.60)
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ther indicating that the effect of vitamin B6 on lipid
rofiles was not related to its capacity to synthesize
arnitine.

Lysine supplementation alone, however, was found
o decrease FPG by �10% in our study, although this
id not reach the level of statistical significance. Using
similar dose of lysine for 45 days reportedly de-

reased postprandial plasma glucose levels in patients
ith type 2 diabetes by 50 mg/dL.16 In addition, acute

lysine ingestion with glucose was also found to de-
crease postprandial plasma glucose concentrations.31

Such a decrease in glucose was attained without any
increase in postprandial insulin, indicating an im-
provement in insulin sensitivity.19,31 Lysine was re-
orted to improve insulin receptor tyrosine kinase ac-
ivity in Wistar rats32 and in monocytes of patients

with type 2 diabetes.22

CONCLUSIONS
In this preliminary study, vitamin B6 supplementa-
tion in male patients with hypertriglyceridemia
reduced the plasma cholesterol fractions (especially
total cholesterol and HDL-C). Carnitine supple-
mentation failed to produce any significant changes in
the lipid profile.

ACKNOWLEDGMENT
All supplementation pills were supplied by GNC, Ar-
mal Company Limited (L.L.C). The design and con-
duct of the research was not influenced or discussed
with the company.

CONFLICTS OF INTEREST
The authors have indicated that they have no con-
flicts of interest regarding the content of this article.

REFERENCES
1. Pejic RN, Lee DT. Hypertiglyceridemia. Heart. 2006;92:

1529–1539.
2. Yuan G, AL-Shali KZ, Hegel RA. Hypertriglyceridemia: its

etiology, effects and treatment. CMAJ. 2007;176:1113–
1120.

3. Brady PS, Brady LJ. Hepatic carnitine palmitoyltransferase
turnover and translation rates in fed, starved, streptozoto-
cin-diabetic and diethylhexyl phthalate-treated rats. Biochem
J. 1987;246:641–649.

4. Vaz FM, Wanders RJ. Carnitine biosynthesis in mammals.
Biochem J. 2002;361:417–429.

5. Gropper SS, Smith JL, Groff JL. Advanced Nutrition and Human

Metabolism. 4th ed. Wadsworth; 2005.

August 2012
6. Hatchcock JN, Shao A. Risk assessment for carnitine. Regul
Toxicol Parmacol. 2006;46:23–28.

7. Krajcovicova-Kudlackova M, Simoncic R, Bederova A, et al.
Correlation of carnitine levels to methionine and lysine
intake. Physiol Res. 2000;49:399–402.

8. Tanphaichitr V, Zaklama MS, Broquist HP. Dietary lysine
and carnitine: relation to growth and fatty livers in rats. J
Nutr. 1976;106:111–117.

9. KhanL,BamjiMS.Tissuecarnitinedeficiencyduetodietarylysine
deficiency: triglyceride accumulation and concomitant impair-
ment infattyacidoxidation. JNutr.1979;109:24–31.

0. Tome D, Bos C. Lysine requirement through the human life
cycle. J Nutr. 2007;137:1642S–1645S.

1. Pellett PL, Ghosh S. Lysine fortification: past, present, and
future. Food Nutr Bull. 2004;25:107–113.

2. Cho YO, Leklem JE. In vivo evidence for a vitamin B6 requirement
incarnitinesynthesis. JNutr.1990;120:258–265.

3. Dunn WA, Aronson NN Jr, Englard S. The effects of
1-amino-D-proline on the production of carnitine from
exogenous protein-bound trimethyllysine by the perfused
rat liver. J Biol Chem. 1982;257:7948–7951.

4. Chen W, Huang Y, Shultz TD, Mitchell ME. Urinary,
plasma, and erythrocyte carnitine concentrations during
transition to a lactoovovegetarian diet with vitamin B-6
depletion and repletion in young adult women. Am J Clin
Nutr. 1998;67:221–230.

5. Mehio Sibai A, Obeid O, Batal M, et al. Prevalence and
correlates of metabolic syndrome in an adult Lebanese
population. CVD Prevention and Control. 2008;3:83–90.

6. Obeid O, Khatib L, Batal M, et al. Established and
suspected biomarkers of cardiovascular disease risk in
pre-menopausal Lebanese women. Ecology of Food and
Nutrition. 2008;47:298–311.

7. Food and Agriculture Organization of the United Nations.
FAO Statistics Division, 2008. http://faostat.fao.org/
site/502/DesktopDefault.aspx?PageID�502. Accessed Jan-
uary 23, 2008.

8. Godsland IF, Crook D, Simpson R, et al. The effects of different
formulations of oral contraceptive agents on lipid and carbohy-
dratemetabolism.NEngl JMed.1990;323:1375–1338.

9. Harripersad R, Burger FJ. The effect of a subnormal dose of
vitamin B6 on plasma lipid in the rat. Int J Vitam Nutr Res.
1997;67:95–101.

0. Brattstrm̈ L, Stavenow L, Galvard H, et al. Pyridoxine
reduces cholesterol and increases antithrombin III activity
in 80-year-old men with low plasma pyridoxal-5-phos-
phate. Scan J Clin Lab Invest. 1990;50:873–877.

1. Pregnolato P, Maranesi M, Marchetti M, et al. Interaction
among dietary vitamin B6, proteins and lipids: effects on liver
lipids in rats. Int J Vitam Nutr Res. 1994;64:263–269.

2. Dionyssiou-Asteriou A, Triantafyllou A, Lekakis J, Kalo-
foutis A. Influence of prostaglandin E1 on high den-

sity lipoprotein-fraction lipid levels in rats. Bio-

1681

http://faostat.fao.org/site/502/DesktopDefault.aspx?PageID=502
http://faostat.fao.org/site/502/DesktopDefault.aspx?PageID=502


makrishnan S. Improved insulin re- Biophy. 2001;18:277–282.

a
v

Clinical Therapeutics
chem Med Metab Biol. 1986;36:114 –
117.

23. Shepard DC, Hitz JB, Dain JA. Pyri-
doxal-5=-phosphate inhibits non-
enzymatic glycosylation of proteins.
Biochem Arch. 1985;1:143–151.

24. Brownlee M, Vlassara H, Cerami A.
Inhibition of heparin-catalyzed hy-
man antithrombin III activity by non-
enzymatic glycosylation: possible
role of fibrin deposition in diabetes.
Diabetes. 1984;33:532–535.

25. Gonen B, Baenziger J, Schonfeld G,
et al. Nonenzymatic glycosylation of
low density lipoproteins in vitro:
effects on cell-interactive properties.
Diabetes. 1981;30:875–878.

26. Tully DB, Allgood VE, Cidlowski JA.
Modulation of steroid receptor-
mediated gene expression by vita-
min B6. FASEB J. 1994;8:343–349.

27. Peeke PM, Chrousos GP. Hypercorti-
solism and obesity. Ann N Y Acad Sci.
1995;771:655–676.

28. Haffner SM, Mykkanen L, Valdez R,
Katz MS. Relationship of sex hor-
mones to lipids and lipoproteins in
nondiabetic men. J Clin Endocrinol
Metab. 1993;77:1610–1615.

29. DerosaG,CiceroAF,GaddiA,etal.The
effect of L-carnitine on plasma lipopro-
tein (a) levels in hypercholesterolemic
patients with type 2 diabetes mellitus.
ClinTher.2003;25:1429–1439.

30. Rahbar AR, Shakerhosseini R, Saa-
dat N, et al. Effect of L-carnitine on
plasma glycemic and lipidemic pro-
file in patients with type II diabetes
mellitus. Eur J Clin Nutr. 2005;59:
592–596.

31. SulochanaKN,LakshmiS,PunithamR,
et al. Effect of oral supplementation of
free amino acids in type 2 diabetic
patients—a pilot clinical trial. Med Sci
Monit.2002;8:CR132–C137.

32. Kalogeropoulou D, LaFave L,
Schweim K, et al. Lysine ingestion
markedly attenuates the glucose re-
sponse to ingested glucose without
a change in insulin response. Am J
Clin Nutr. 2009;90:314–320.

33. Iritani N, Sugimoto T, Fukuda H.

Soybean increases insulin receptor

1682
gene expression in fatty rats when
polyunsaturated fatty acid level is
low. J Nutr. 1997;127:1077–1083.

34. Sulochana KN, Rajesh M, Ra-
aub.edu.lb
ceptor tyrosine kinase activity in
monocytes of type 2 diabetes
mellitus patients receiving oral L-
lysine as supplement. Ind J Bioch
Address correspondence to: Omar A. Obeid, PhD, Department of Nutrition
nd Food Sciences, Faculty of Agriculture and Food Science, American Uni-
ersity of Beirut, PO Box 11-0236, Beirut, Lebanon. E-mail: omar.obeid@
Volume 34 Number 8

mailto:omar.obeid@aub.edu.lb
mailto:omar.obeid@aub.edu.lb

	Effect of Lysine, Vitamin B6, and Carnitine Supplementation on the Lipid Profile of Male Patient ...
	Introduction
	Patients and Methods
	Statistical Analysis

	Results
	Baseline Characteristics
	Plasma TG Levels
	Total Cholesterol
	Plasma HDL-C
	Plasma LDL-C
	Fasting Plasma Glucose

	Discussion
	Conclusions
	Conflicts of Interest
	Acknowledgment
	References




