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Serum metabolomic profiles suggest influence
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Abstract: Aim: Considering that the effects of sex and oral contraceptives (OCs) on blood metabolites have been
scarcely studied and the fact that protocol designs for clinical trials emphasise the use of contraception for women
of childbearing potential, we examined if OCs and sex affect the serum levels of the physiologically relevant amino
acids, carnitine and acylcarnitines, using metabolomics approaches. Methods: Healthy adult men and women were
enrolled. They were drug free with the exception of women taking cyclic format OCs (ethinylestradiol + different
progestins). OCs-free women were analysed during the follicular phase, and amino acids, free carnitine and acyl-
carnitines were measured using HPLC or LC-MS/MS, respectively. Results: Men had significantly higher leucine, iso-
leucine, methionine, asparagine, proline, valine, tyrosine, glutamine+glutamate, glutamate, histidine and citrulline
than OCs-free women, while tryptophan was significantly lower in men. OCs use significantly decreased the levels of
glycine, proline, histidine, lysine, hydroxyproline and ornithine and increased isoleucine levels when compared with
non-user women. OCs use reduced, although not significantly, carnitine levels in women. Total esterified carnitines
were higher in untreated women than in OCs users. Globally, the effect of OCs and sex was specific for the individual
esterified carnitine. The observed metabolic changes were not attributable to renal or hepatic functions or to differ-
ences in body weight. Conclusions: The assessed parameters were specifically influenced by sex, highlighting the
need to have reference values for women and men. The major novelty of this study is the demonstration that OCs
specifically change the profiles of serum amino acids and carnitine, which suggests that OCs users and non-users
should be represented in clinical trials.
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Introduction membrane for [-oxidation, which produces
acetyl-CoA and chain-shortened acyl products

Appreciation for the relevance of sex in medi- to preserve cellular CoA homeostasis [4, 5].

cine is expanding [1, 2]; however, the majority
of completed studies have not considered the
influence of sex and gender on serum and plas-
ma metabolites that have been linked to
metabolomic processes involved in complex
diseases. A recent study [3] found significant
differences between men and women in 102 of
the 131 metabolites that were tested.

Free carnitine participates in lipid metabolism
and transfers long-chain fatty acids as acylcar-
nitine esters across the inner mitochondrial

Free carnitine is found at higher levels in adult
men than in adult women [6, 7]; however, the
influence of sex on acylcarnitine levels has not
been studied in detail, although some differ-
ences have been described [3]. Free carnitine
is largely derived from the diet and, to a lesser
extent, from endogenous synthesis that
requires lysine and methionine [8] and this pro-
cess mainly occurs in the liver and kidney
through the two iron-containing enzymes ¢-N-tri-
methyllysine hydroxylase and y-butyrobetaine
[9, 10]. Notably, serum carnitine levels can be
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regulated by sex steroid hormones because
non-obese women with polycystic ovary syn-
drome have lower carnitine levels than healthy
women [11]. Moreover, pregnant women have
lower plasma concentrations of carnitine than
non-pregnant women [12]. The decrease in
plasma carnitine levels during pregnancy may
be due to low iron status, which impairs the
function of the required enzymes [13]. However,
contrasting results have been reported [14].

In the past, laboratories have largely reported
the amino acid levels in the plasma of men, but
a few studies have shown significant differenc-
es between the plasma concentrations of sev-
eral amino acids in young adult men and women
[15, 16].

There is a paucity of studies that have investi-
gated in detail the effect of oral contraceptives
(OCs) on plasma or serum levels of amino acids
and acylcarnitines. It has been shown that
tyrosine, cysteine and arginine are decreased
in OCs users [17-19], while taurine, alanine, gly-
cine are unchanged [19, 20]. However, detailed
investigations of the OCs-induced effects on
plasma metabolites could be useful consider-
ing that a) OCs have been used by millions of
women since the approval of the first contra-
ceptive pill in 1960, b) OCs are able to change
the endogenous milieu by varying the activity of
the pituitary-ovarian and hypothalamus-pitui-
tary-adrenal axes [21] and carbohydrate and
lipid metabolism [19, 21], and c¢) clinical trials
for the approval of the drugs emphasise the
need for contraception for women of childbear-
ing potential [22].

The rationale of this study was to use metabo-
lomic investigations, which address the large-
scale detection and quantification of metabo-
lites in biological media, to assess sex differ-
ences (men and premenopausal women) and
the effect of OCs (women on and off OCs treat-
ment) measuring the serum levels of as many
as feasible amino acids and of free carnitine
and acylcarnitines involved in lipid meta-
bolism.

Methods
Ethics statement

This study was approved by the local ethical
committee of Diabetologia Aziendale ASL 2
Olbia, Hospital San Giovanni di Dio. Verbal
informed consent was obtained from each
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study participant (blood donors) prior to the col-
lection of a separate blood aliquot during a vol-
untary blood donation.

Population

Sixty-seven healthy, non-smoking, adult women
(26 OCs users and 41 non-users) with regular
menstrual cycles (27-29 days) and 35 healthy,
adult, non-smoking men were enrolled. All sub-
jects were aged between 20-47 years, and they
had no kidney, liver, heart, endocrine or infec-
tious diseases and had not used chronic phar-
maceutical treatments for at least two months
prior to the start of the study. Women who did
not use OCs were analysed within the first 10
days of their menstrual cycle and were free
from OCs for at least 3 months to ensure an
appropriate wash-out period. In contrast, OCs
users had used OCs for at least 3 months. All of
the included OCs were taken in a cyclic format
and belonged to the third generation of com-
bined oral contraceptives (ethinyl estradiol+
different progestin).

Analysis of biochemical and blood tests

Fasting blood samples (between 8.00 and 10
AM) were obtained from the antecubital vein
and collected using the appropriate anticoagu-
lant. Next, the serum was aliquoted and used
within 1 month after storage at -80°C.

Fasting glucose, total cholesterol, low-density
lipoproteins, high-density lipoproteins, triglycer-
ides, creatinine, uric acid, urea, total bilirubin,
aspartate aminotransferase, alanine ami-
notransferase, gamma-glutamyl transpepti-
dase alkaline phosphatase, sideremia, total
iron binding capacity (TIBC), % saturation, ferri-
tin, red blood cells (RBC), haemoglobin (Hb),
haematocrit and the mean corpuscular volume
(MCV) were measured using standard labora-
tory procedures. The eGFR was calculated
according to the modified MDRD formula
(http://mdrd.com).

LC-MS/MS analysis for carnitines

Twenty microlitres of serum was spotted onto
903® Whatman filter paper (Dessel, Germany)
and left to dry overnight. Amino acids and acyl-
carnitines quantisation was performed as
reported elsewhere [23, 24] using an API 4000
Triple-Quadrupole Mass Spectrometer (Applied
Biosystems/MDS Sciex, Toronto, Canada) that
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Table 1. Study participant characteristics stratified by sex  (FDR < 0.1) approach was performed

and OCs use

to identify parameters that were dif-

Men (n=35) Women (n=41) Women OCs (n=206)

ferentially-expressed in  samples,

using the SAM software (version 4.01

Age (years) 29 (22-42) 28 (20-45) 28 (21-47) ware

Height(m)  1.8(1.6-1.9F 1.6(15-17)  1.6(1.5-1.7) from Str?cn:c;:ddUmverrsu:y)l. Tthe SAM

Weight (Kg) 77 (58-95) 53 (38-70) 54 (43-73) was periormed separaely o asses
sex differences (men versus premeno-

BMI (Kg/m?) 25 (20-30)° 21 (17-28) 21 (18-26)

Data are expressed as the median and range. n=number of subjects. Super-
script letters represent statistical significance: 2Men vs. Women.

was equipped with a TurbolonSpray source and
coupled with a high performance liquid chro-
matograph Agilent 1200 series (Agilent Techno-
logies, Waldbronn, Germany). The data were
quantitatively analysed using the ChemoView
v1.2 software by comparing the signal intensi-
ties of the analyte and its corresponding inter-
nal standard or the standard to the spectrum.

Quality control samples for LC-MS/MS analysis
were provided by the Department for Screening
Neonates, Centre for Disease Control and
Prevention (Atlanta, GA, USA) (www.cdc.gov/
labstandars) [25].

HPLC analysis for amino acids

Serum samples were analysed as previously
described [26, 27]. Amino acid analysis was
performed using an Agilent Technologies 1200
Series LC System with an Agilent Zorbax Eclipse
XDB-C18 analytical column (5 ym, 4.6 x 150
mm) and Agilent Eclipse XDB-C18 analytical
Guard column (5 um, 4.6 x 12.5 mm).

Amino acid concentrations were determined
using an external calibration curve. The amino
acids were identified and quantified by their
retention time and absorption ratio by compari-
son with the ratio of authentic compounds in
the calibration solution [28]. For the determina-
tion of cysteine a reduction step was carried
out.

Quality controls were provided by ENRDIM
(European Research Network for evaluation
and improvement of screening, Diagnosis and
treatment of Inherited disorders of Metabolism,
Manchester, UK) (www.erndimqa.nl) [29].

Statistical analysis

The two class unpaired significance analysis of
microarrays (SAM) with a false discovery rate
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pausal women) and the effect of OCs
(women on and off OCs treatment).
The strength of association between
body weight and single amino acids
was analysed using the Pearson Product
Moment correlation coefficient when the data
were normally distributed. The Spearman
Product Moment correlation coefficient was
used if the data displayed a non-Gaussian
distribution.

Multiple linear regression analysis was per-
formed to predict the association of free carni-
tine (dependent variable) with sideremia, TIBC,
% saturation, ferritin, RBC, Hb and haematocrit,
eGFR, esterified carnitines or the amino acids
lysine, methionine, valine, leucine and isoleu-
cine (independent variables) in the 3 studied
populations using the SigmaStat software.

Results
Populations

72 parameters were measured in 102 subjects
of both sexes. Of the 102 subjects who were
enrolled in the study, 35 were men, and 67
were women. Of the 67 women, 26 were OCs
users. Healthy men and women were age-
matched but had significantly different body
heights and body mass indices (BMI) (Table 1).
These parameters were not different between
OCs users and non-users women.

Lipid profile, glycaemia and renal and hepatic
functions

The general biochemical results from the labo-
ratory tests were within the reported reference
ranges (Tables 2-4). Men had lower HDL-
cholesterol and higher glycaemia and triglycer-
ide levels than non-user of OCs (Table 2). In
addition, OCs users had a significantly higher
concentration of total cholesterol, HDL-
cholesterol, and triglycerides versus non-users
(Table 2).

As expected, uric acid and urea were higher in
men compared with women (Table 3); creati-
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Table 2. Biomarkers of lipid and glucose metabolism stratified by sex and OCs use

Men (n=35) Women (n=41) Women OCs (n=26)
Glycaemia (mg/dl) 83.6+£12.92 77.3110.5 75.6+£10.0
Total Cholesterol (mg/dl) 173.5+29.5 184.8+30.4 222.8+41.5°
LDL-Cholesterol (mg/dl) 103.2+28.3 108.9+22.8 125.8+31.3
HDL-Cholesterol (mg/dl) 47.0+£9.52 60.8+11.0 73.6+13.7°
HDL/LDL 0.4 (0.3-1.0) 0.6 (0.4-0.9) 0.6 (0.3-0.9)

Triglycerides (mg/dl) 68.0 (30.0-155.0)°

60.0 (32.0-160.0) 87.0 (48.0-526.0)°

Values are expressed as the meantstandard deviation or as the median and range. n=number of subjects. Superscript letters
represent statistical significance: 2Men vs. Women; "Women vs. Women OCs.

Table 3. Biomarkers of renal and hepatic function stratified by sex and OCs use

Men (n=35) Women (n=41) Women OCs (n=26)
Creatinine (mg/ml) 0.9 (0.7-1.2) 0.7 (0.5-0.8) 0.7 (0.6-0.9)
eGFR (ml/min/1.73 m?) 102.5 (67.8-132.0) 97.2 (74.3-123.0) 97.2 (73.9-115.5)
Uric acid (mg/dl) 5.4+1.0° 3.4+0.7 3.3+0.8
Urea (mg/dl) 36.8+8.8° 30.4+9.9 28.9+6.1
Total bilirubin (mg/dl) 0.9 (0.3-1.8) 0.5(0.3-1.8) 0.5(0.2-0.1)
Aspartate aminotransferase (U/I) 20.0 (13.0-103.0)2 16.0 (11.0-29.0) 17.0 (7.0-22.0)
Alanine aminotransferase (U/I) 23.0 (10.0-106.0)? 14.0 (6.0-43.0) 13.0 (7.0-22.0)
y-Glutamyl transpeptidase (U/1) 21.0 (9.0-67.0)° 14.0 (7.0-24.0) 11.0 (7.0-22.0)
Alkaline phosphate (U/I) 70.1+14.1 57.8+10.9 52.9+11.8

Data are reported as the meantstandard deviation or as the median
represent statistical significance: ®°Men vs. Women.

and range. n=number of subjects. Superscript letters

Table 4. Biomarkers of iron metabolism stratified by sex and OCs use

Men (n=35) Women (n=41) Women OCs (n=26)
RBC (10*%/1) 5.4 (4.3-7.1)° 4.8 (4.0-6.3) 4.7 (3.8-6.2)
Hb (g/dl) 14.4+1.32 12.8+1.0 12.8+1.1
Haematocrit (%) 43.0£2.92 39.5+2.7 38.912.3
MCV (fl) 82.2 (17.7-92.5) 83.8 (61.7-90.8) 82.9 (62.1-92.9)
Sideremia (ug/I) 89.0 (42.0-200.0) 82.0 (16.0-192.0) 83.0 (28.0-218.0)
TIBC (ug/dl) 390.0 (269.0-642.0) 389.0 (264.0-492.0) 455.0 (328.0-680.0)°
% saturation 26.1+9.1 24.0+10.3 20.2+10.8

Ferritin (ng/ml) 117.5 (24.6-307.4)°

44.5 (9.0-214.0) 40.4 (4.3-106.0)

Values are expressed as the meantstandard deviation or as the median and range. n=number of subjects. Superscript letters

represent statistical significance: ®Men vs. Women; "Women vs. Wom

nine was higher in men although it did not
reach the statistical significance. In addition,
aspartate aminotransferase, alanine ami-
notransferase, y-glutamyl transpeptidase were
higher in men than in women. Moreover, ala-
nine aminotransferase, y-gluta-myl transpepti-
dase, alkaline phosphatase and total bilirubin
were lower in OCs users compared with non-
users, although the differences did not reach
statistical significance. The levels of aspartate
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en OCs.

aminotransferase did not differ between OCs
users and non-users, and no differences were
detected in eGFR and creatinine.

Evaluation of iron metabolism
Men showed higher levels of RBC, Hb, haema-
tocrit and ferritin, compared with women.

Additionally, sideremia, TIBC, and the MCV did
not statistically differ between the groups and

Am J Transl Res 2014;6(5):614-624
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Table 5. Nonpolar and polar amino acid levels stratified by sex and OCs use

Men (n=41) Women (n=43) Women OCs (n=26)
Alanine (UM) 255.8+70.0 263.5+62.5 235.8+69.9
Serine (UM) 202.0 (123.0-503.0) 213.3(123.4-387.0) 211.4 (57.7-1387.0)

Leucine (uM)
Isoleucine (UM)
Methionine (uM)
Phenylalanine (uM)

220.0 (118.0-481.0)*
113.0 (57.0-255.0)
17.6 (14.8-40.6)°
66.3 (49.7-109.3)

150.2 (49.5-287.3)
73.9 (46.1-136.0)
15.9 (11.3-23.2)
54.7 (39.3-146.1)
82 (46.2-180.7)
53.2 (5.0-87.6)
237.3 (137.9-384.4)
216.1 (3.1-566.0)
205.0 (171.6-320.7)

138.7 (44.6-281.0)
78.0 (20.0-523.0)°
13.8 (9.6-27.9)
52.3 (41.1-116.5)
84.5 (18.1-268.0)
52.0 (1.0-67.5)
176.7 (112.3-359.9)°
109.5 (2.9-222.0)°
208.5 (145.8-313.5)

Asparagine (UM) 159 (41.0-259.0)2
Tryptophan (uM) 9.0 (2.0-58.0)?
Glycine (M) 204.8 (159.6-351.8)
Proline (M) 269.0 (99.0-900.0)?
Valine (M) 251.6 (175.5-467.9)°
Tyrosine (UM) 79.5+£20.5°
Cysteine (UM) 5.0 (3.0-15.0)

71.9+14.3
11.2 (2.0-399.0)

63.5+18.9
10.0 (2.0-17.6)

Values are expressed as the meanztstandard deviation or as the median (range). n=number of subjects. Superscript letters
represent statistical significance: *Men vs. Women; "Women vs. Women OCs.

Table 6. Charged amino acid levels stratified by sex and OCs use

Men (n=41)

Women (n=43) Women OCs (n=26)

Aspartic acid (uM)

Arginine (uM)

Taurine (UM)

Glutamate + Glutamine (uM)
Glutamate (uM)

Histidine (uM)

Lysine (uM)

Hydroxyproline (uM)

Ornitine (UM)

Citrulline (uM)

64.4 + 19.3

29.2 (21.8-50.1)
41.4 (24.3-107.3)
230.0 (95.0-534.0)
585.0 (281.0-1342.0)°
159.9 (118.4-260.0)°
129.0 (63.0-244.0)°
252.0 (103.0-1135.0)
15.5 (5.0-102.0)

24.3 (11.6-47.3)°

26.4 (17.3-74.9)
45.1 (27.1-172.5)
204.1 (109.0-401.6)
412.1 (174.4-614.0)
137.7 (75.4-301.2)
99.9 (69.6-200.0)
234.0 (127.0-429.0)
13.1(3.3-136.1)
58.8 +15.1
22.0 (13.6-34.0)

29.2 (19.8-68.2)
44.2 (23.8-184.1)
188.0 (60.9-793.0)

340.5 (50.0-2060.0)
123.1(71.8-219.8)
117.7 (33.5-117.1)°
163.5 (83.0-251.0)°

4.2 (0.0-25.5)°
454 + 14.9°
18.4 (11.0-36.7)

Values are expressed as the meantstandard deviation or as the median (range). n=number of subjects. Superscript letters
represent statistical significance: 2Men vs. Women; "Women vs. Women OCs.

OCs use did not significantly influence these
parameters, with the exception of TIBC that
was significantly higher in OCs user than in non-
users (Table 4).

Serum amino acid levels

Nonpolar and polar amino acids: The analysis
of amino acids revealed that the serum levels
of alanine, serine, phenylalanine and cysteine
were not significantly different among the stud-
ied groups (Table 5), although cysteine tend
to be lower in OCs users. Leucine, isoleucine,
methionine, asparagine, proline, valine and ty-
rosine were significantly higher in men than in
women who did not use OCs, whereas trypto-
phan was significantly lower in men (Table 5).
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OCs users showed significantly lower levels of
glycine and proline and significantly higher lev-
els of isoleucine than non-users.

Charged amino acids

The analysis of amino acids revealed that the
serum levels of aspartic acid, arginine and tau-
rine were not significantly different among the
studied groups (Table 6). Glutamine+glutamate,
glutamate, histidine and citrulline were signifi-
cantly higher in men than in women who did not
use OCs (Table 6). OCs users showed signifi-
cantly higher levels of histidine and lower levels
of lysine, hydroxyproline and ornithine when
compared with women who did not use OCs
(Table 6).
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Figure 1. Panel A. Body weight correlation with tryptophan and lysine levels in women (A). Panel B. Body weight

correlation with tryptophan and lysine in OCs users (m).
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Figure 2. Panel A. Free carnitine concentration and total esterified carnitines were measured in women (n=43, black
bars), OCs users (n=26, white bars) and men (n=41, grey bars). Panel B. The esterified/free carnitine concentration
was calculated in women (n=43, black bars), OCs users (n=26, white bars) and men (n=41, grey bars). Values are
expressed as the meanztstandard deviation. The connectors represent significant differences.

Correlations

In untreated women, tryptophan was negatively
correlated with body weight (r=-0.435, P=
0.009), while lysine presented a positive corre-
lation with body weight (r=0.51, P < 0.001)

619

(Figure 1A). In OCs users, body weight was pos-
itively associated with valine (r=0.449, P=0.02)
and negatively correlated with cysteine (r=-
0.499, P=0.015) (Figure 1B). In men, none of
the tested amino acids were associated with
body weight.
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OCs use

Men (n=41) Women (n=43) Women OCs (n=26)
C2 (uM) 9.8+2.9 12.6+3.6 9.5+3.6°
C3 (uM) 0.5+£0.2 0.5+0.2 0.4+0.1
C4 (M) 0.2 (0.1-1.0) 0.2 (0.1-0.8) 0.3 (0.1-0.8)
C5 (uM) 0.1 (0.07-0.3)  0.09 (0.05-0.3) 0.09 (0.06-0.2)
C6 (uM) 0.06+0.02 0.06+0.02 0.051£0.01
C8 (uM) 0.2 (0.1-0.6) 0.3 (0.07-0.7) 0.2 (0.1-0.4)
C10 (uM) 0.3 (0.09-1.1) 0.3 (0.03-1.2) 0.3 (0.1-0.5)
C12 (uM) 0.09(0.04-0.2) 0.1(0.02-0.3) 0.07 (0.03-0.2)
C14 (uM) 0.06 (0.03-0.1) 0.05(0.03-0.1) 0.05 (0.03-0.2)
C16 (uM) 0.2 (0.08-0.3) 0.1 (0.06-0.2) 0.1 (0.06-0.2)
C18 (uM) 0.08(0.04-0.1) 0.07 (0.03-0.1) 0.06 (0.03-0.1)

Values are expressed as the meantstandard deviation or as the median
(range). n=number of subjects. Superscript letters represent statistical sig-

nificance: "Women vs. Women OCs.

Table 8. Unsaturated acylcarnitine levels stratified by sex and

OCs use

Men (n=41) Women (n=43) W(J(r:f;GC))Cs
C5:1 (uM)  0.04 (0.03-0.07) 0.03 (0.01-0.06) 0.03 (0.02-0.08)
C6:1 (uM) 0.2 (0.09-0.4) 0.1 (0.07-0.4) 0.2 (0.1-0.5)
C8:1(uM)  0.14 (0.07-0.5) 0.11(0.05-0.3) 0.15(0.09-0.4)
C10:1 (uM) 2 (0.1-0.5) 0.2 (0.04-0.5) 0.2 (0.1-0.3)
C10:2 (uM) 0.07 (0.03-0.2) 0.05(0.02-0.1) 0.09 (0.03-0.2)
C12:1 (uM) 0.09(0.04-0.2) 0.09 (0.03-0.2) 0.09 (0.05-0.2)
C14:1 (uM) 0.10(0.03-0.2) 0.09 (0.02-0.3)  0.07 (0.01-0.2)
C14:2 (uM) 0.09 (0.05-0.2) 0.07 (0.03-0.1) 0.08 (0.05-0.2)
C16:1 (uM) 0.05+0.01 0.04+0.01 0.05+0.02
C18:1 (uM) 0.16+0.06 0.15+0.05 0.14+0.05
C18:2 (uM) 0.08+0.03 0.06+0.02 0.06+0.02

Values are expressed as the meantstandard deviation or as the median
(range). n=number of subjects.

Serum carnitine and acylcarnitine levels

differences were detected in the
other analysed esterified carnitines
(Tables 7, 8).

Correlations

Multiple linear regression analysis
revealed that none of the chosen
independent variables (sideremia,
TIBC, % saturation, ferritin, RBC, Hb,
hematocrit, eGFR, lysine, methio-
nine, valine, leucine, isoleucine and
the esterified carnitines) predicted
the values of free carnitine in the two
female populations (data not shown).
However, in men, the independent
variables C2, propionylcarnitine (C3),
octenoyl carnitine (C8:1) and oleyl-
carnitine (C18:1) predicted the value
of free carnitine (P=0.04, P=0.007,
P=0.038 and P=0.043, respective-

ly).
Discussion
Sex differences

This study showed that the levels of
several amino acids, such as leu-
cine, isoleucine, methionine, aspara-
gine, proline, valine, tyrosine, histi-
dine, glutamate and citrulline are
significantly higher in men than in
women. However, no differences in
the levels of alanine, serine, phenyla-
lanine, cysteine, aspartate, arginine,
or taurine were observed between
men and women. Globally, these
results are in line with the limited
previous reports that suggest that

plasma and serum amino acid levels are higher

in men thanin women [15, 16, 30-33]. However,

Our results confirm previous findings that
showed that the serum levels of free carnitine
are higher in men than in women [6, 7]. Notably,
OCs use reduced the levels of free carnitine of
about 18%, which suggests that they are regu-
lated by sex steroid hormones (Figure 2A).
Total esterified carnitines were higher in
untreated women compared with OCs users
(Figure 2A), while no differences were detected
in the esterified/free ratio (Figure 2B). Analysis
of the esterified carnitines revealed that OCs
use reduced acetyl carnitine (C2) levels com-
pared with those of non-users. No significant

620

some studies [15, 32, 34] do not take into
account that amino acid levels are age depend-
ent [34] and are influenced by hormonal fluctu-
ations in women [35]. Tryptophan is lower in
men compared with women and it has been
reported that men exhibit higher brain synthe-
sis of serotonin [30], which may explain the
lower levels of that molecule in men than in
women.

In men, no correlations exist between body
weight and serum amino acid levels. Notably,
no association has been found between body
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weight and amino acids that play a key role in
muscle synthesis, such as leucine [36].
Conversely, lysine and tryptophan are positively
and negatively associated with body weight,
respectively, in women who did not use OCs.
Overall, these results suggest that body weight
does not accurately reflect serum amino acid
levels, with some exceptions in women.
Furthermore, these differences between men
and women depend on single amino acid, which
suggests that more specific mechanisms are
involved, as in the case of leucine [36, 37] and
tryptophan [38].

In line with previous results [7, 39-41], serum
carnitine concentrations are lower in young,
healthy women when compared with those of
age-matched men. Although the two enzymes
involved in carnitine synthesis contain iron with
a catalytic function [9, 10], no correlations have
been found between levels of carnitine and bio-
markers of iron metabolism. Notably, the lower
level of methionine found in women could con-
tribute to the difference in carnitine synthesis
between women and men. The renal handling
of carnitine does not seem to be influenced by
sex because no correlations have been detect-
ed between eGFR and carnitine.

Effects of OCs in women

OCs induce specific and significant reductions
in glycine, proline, hydroxyproline, lysine and
ornithine, and elevations in isoleucine and his-
tidine. Limited studies have reported that OCs
users have similar or reduced glycine levels [17,
42] and decreased tyrosine, ornithine and pro-
line levels [17, 18, 42]. Consistent with prior
reports, taurine and alanine are not different
[19, 20]. A discrepancy exists between current
and previous work regarding serum cysteine
and arginine levels [19] that could be attributed
to the different analysed population. Here, we
only included non-smoking subjects, while the
previous population was not stratified for smok-
ing habits. Other groups showed that regular
smoking elevates arginine levels in women
[43], which suggests the importance of the
influence of regular smoking on biochemical
parameters. Notably, valine and cysteine are
positively and negatively associated with body
weight, respectively, in OCs users, whereas in
women who do not use OCs, lysine and trypto-
phan are positively and negatively associated
with body weight, which indicates that the hor-
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monal milieu could have a strong influence on
the relationships between amino acids and
body weight.

The major novel finding of this study is the dem-
onstration that OCs use induces specific altera-
tions in the set of serum carnitines. In particu-
lar, OCs use decreases free carnitine and
increases unsaturated acylcarnitines although
the difference is not statistically significant,
which indicates the importance of sex hor-
mones in carnitine handling, as previously sug-
gested [11, 12, 44]. The decrease in carnitine
may be due to a decrease in lysine, which is the
precursor of carnitine, but a direct correlation
between carnitine and lysine has not been
found, which is not surprising because the
majority of carnitine is obtained from exoge-
nous sources [8]. The variations that are
induced by OCs do not depend upon body
dimension or renal function because the two
female populations had similar height, weight
and renal function. Importantly, the decrease in
serum-free carnitine is associated with system-
ic carnitine deficiency [45].

Biological effects of low carnitine levels may
not be clinically significant until they reach less
than 10-20% of normal [46, 47]. Here we high-
lighted a decrease of about 18% in OCs users,
levels that could therefore be of some clinical
significance if OCs are co-administered with
drug that induce carnitine deficiency, e.g. cefdi-
toren, pivoxil and valproic acid [48]. Indeed, our
data also suggested that OCs should be care-
fully used in clinical situations that produce car-
nitine deficiency such as coeliac disease [49].

The reduction of free carnitine is important
because it is involved in energy metabolism,
and recent papers highlight the role of the car-
nitine pathway in cardiovascular diseases [50].
Short- and medium-chain acylcarnitine levels
are significantly increased [50] in patients with
acute myocardial infarction, and the unsaturat-
ed acylcarnitine accumulation that is observed
in myocardial ischemia contributes to mem-
brane dysfunction in ischemic zones [51].
Indeed, previous studies have shown heart dys-
function due to carnitine deficiency [52, 53].

Finally, the simultaneous increase in unsatu-
rated acylcarnitine and reduction in short-chain
acylcarnitine in women who use OCs highlight
the need for the evaluation of the carnitine
serum profile in OCs users.

Am J Transl Res 2014;6(5):614-624



Serum metabolomic profiles and sex and oral contraceptive use

We conclude that sex specifically influences
serum metabolomic profile. Considering that
men have a larger total blood volume (approxi-
mately 6-8%) than women [54], the metabolite
concentration in blood is diluted in men com-
pared with women, resulting in larger differenc-
es than those presented in our current study.

Notably, OCs use induces specific alterations in
the serum metabolic status, which implies that
OCs users and non-users should be represent-
ed in clinical trials. Additionally, these findings
imply that in a clinical setting that alters carni-
tine profiles, OCs should be used with caution.

We are confident that these types of studies
will improve drug therapy for women who cur-
rently experience nearly twice the number of
adverse events as men [55]. Indeed, the knowl-
edge of the normal ranges for serum amino
acids, carnitine and acylcarnitine is important
for clinical and diagnostic purposes and for
interpreting results from dietary and metabolic
experiments, considering that current studies
are mostly focused on men.
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