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Abstract
Objective To measure maternal plasma and amniotic Xuid
coenzyme Q10 (CoQ10) levels in preterm and term
gestations.
Study design This pilot study comprised a convenience
sample of 72 women admitted for labor with singleton live
gestations and intact membranes (preterm n = 27 and term
n = 45).
Results Median [interquartile range] maternal plasma
CoQ10 levels did not diVer among the studied women (pre-
term, 0.47 [0.12] vs. term, 0.47 [0.23] mmol/L, p = 0.90).
Overall CoQ10 amniotic Xuid levels were nearly tenfold
lower than those found in maternal plasma, with a signiW-
cant lower level observed among those delivering preterm
(0.050 [0.05] vs. 0.062 [0.04] mmol/L, p = 0.007). Multiple
linear regression analysis controlling for several covariates

determined a signiWcant correlation between amniotic Xuid
CoQ10 levels and neonatal gestational age.
Conclusion This is the Wrst study to assess CoQ10 levels
in amniotic Xuid during pregnancy in which levels were
signiWcantly lower among those delivering preterm. More
research is warranted in this regard.

Keywords Amniotic Xuid · Antioxidant · 
Coenzyme Q10 · Preterm delivery · Ubiquinone

Introduction

Coenzyme Q10 (CoQ10), also known as ubiquinone, is a
natural antioxidant present in the blood and many tissues
and Xuids [1, 2]. This small lipid molecule participates in
cell energetic interchanges due to its hydrophobic features
that allow free diVusion within the membrane. Acceptance
of two electrons or release of two protons allows, respec-
tively, its reduction to the ubiquinol form or ubiquinol’s
oxidation back to the ubiquinone form. Thus, the CoQ10
system has a pivotal role within the mitochondrial mem-
brane as a lipid-soluble carrier of both electrons and pro-
tons through the redox cycle [3–5]. Clinical studies have
demonstrated the eYcacy of CoQ10 as a therapeutical
adjuvant in reproduction, inXammation-related states, and
cardiovascular and neurodegenerative diseases [5–9].

Preeclampsia, preterm birth and adolescent pregnancies
are among the most challenging problems in modern
obstetrics [10–12]. CoQ10 may play a signiWcant antioxi-
dant role at the placental site in normal or pathological
pregnancies [13, 14]. Teran et al. [8] in a randomized dou-
ble-blind placebo-controlled trial found that oral CoQ10
supplementation in pregnancy (20 weeks on) signiWcantly
reduced the risk of developing preeclampsia. Maternal and
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fetal compartments have distinct physiological roles in the
peripartum defense against free radical production [15].
Reactive oxygen species have been linked to the pathogen-
esis of the preterm birth, and antioxidants proposed as
potential therapeutical agents for ill neonates [16]. Despite
this, data reporting on CoQ10 plasmatic status during preg-
nancy is limited and lacking in the case of amniotic Xuid.
Bearing this in mind, the present pilot study aimed at mea-
suring maternal plasma and amniotic Xuid CoQ10 levels in
preterm and term gestations.

Materials and methods

Study design and participants

This pilot study was carried out from March 2008 to June
2008 at the Isidro Ayora Obstetrics and Gynecology Hospi-
tal, Quito, Ecuador (located at 2,800-m altitude). A conve-
nience sample was obtained among women admitted for
labor with singleton live gestations and intact membranes
(preterm and term). Women with ruptured membranes,
meconium staining, chronic diseases or any other obstetri-
cal pathological conditions were excluded. Preterm birth
was deWned as that occurring between 21 and 36 weeks
6 days [17].

A 5-cc sample of amniotic Xuid was obtained through
direct sterile syringe puncture of the amniotic membranes
prior to delivery (vaginal or cesarean section). Puncture
was performed directly over protruded membranes during
hysterotomy (cesarean section) or vaginally through sterile
speculum application. Obtained samples were maintained
on ice until centrifugation at 1,000g for 15 min at 4°C (Het-
tich Rotina 46R Zentrifugen, Germany). The supernatant
was then transferred into polypropylene vials for CoQ10
extraction (<2 h). Extracted samples were then frozen at
¡40°C until assay.

A 10-cc blood sample was concomitantly obtained from
each woman at the antecubital venous puncture site, imme-
diately transferred into a polypropylene vial containing
3.15% sodium citrate (1:9, v/v) and then centrifuged at 4°C.
The plasma obtained was decanted into 500-�l aliquots and
then stored at ¡40°C until biochemical analysis. During
processing, both plasma and amniotic Xuid samples were
protected from light using aluminum foil to prevent photo-
degradation of ubiquinones.

Maternal/neonatal information was registered on a
data sheet elaborated for the purposes of the present
study. Research protocol was approved by the Bioethics
Committee of the Biomedical Center, Universidad Cen-
tral, Quito, Ecuador. Participants were informed about
the study and its objectives and written consent was
obtained.

Analyte assays

CoQ10 measurement

Plasma and amniotic Xuid CoQ10 levels were measured in
a high performance liquid chromatography (HPLC) system
(Perkin-Elmer, Shelton, CT, USA) equipped with a Lichro-
sorb® RP18 column (5 �m, 125 £ 4 mm; Phenomenex,
Torrance, CA, USA) and a guard column (Merck, Darms-
tadt, Germany). Measurement of amniotic Xuid CoQ10 lev-
els was performed as a modiWcation of the method
previously described for plasma [18]. In brief, a 0.5 mL of
previously processed amniotic Xuid was mixed with 50 �l
of ethanol BHT solution (10 mg/mL) (Sigma-Aldrich, St.
Louis, MO, USA), 0.2 mL of 0.1 M aqueous sodium dode-
cyl sulfate (Sigma-Aldrich) and 1.6 mL of CoQ9 solution
(Fluka Biochemica, Buchs, Switzerland) in ethanol as an
internal standard. The mixture was vortexed for 30 s, 2 mL
of hexane (Merck, Darmstadt, Germany) was added, and
the tightly screwed test tube was vigorously vortexed for
2 min. Subsequently, the mixture was centrifuged for 5 min
at 1,000g to separate the layers. One milliliter of the hexane
layer was transferred to a small vial and dried under nitro-
gen. The residue was dissolved again in methanol/(ethanol/
isopropanol 95/5, v/v) (1:1 v/v). The mobile phase was
methanol/ethanol (30:70 v/v) previously Wltered. The Xow
rate was 1 mL/min and the UV detector was set up at
275 nm. Detection limit of the assay was 0.1 mmol/L and
the average recovery of the internal standard was 85%. The
intra-assay error coeYcient was 4.3% and the inter-assay
error coeYcient was 15.9%.

Plasma total cholesterol

Plasma total cholesterol was measured, as previously
described [8], with a spectrophotometer (Eppendorf, Ham-
burg, Germany) and a Cholesterol Liquicolor test kit
(Human GmbH, Wiesbaden, Germany). All biological pro-
cessed samples were measured in duplicate and the mean
value used for statistical analysis.

Statistical analysis

Statistical analysis was performed using SPSS statistical
package (Version 13.0 for Windows, SPSS, Chicago, IL,
USA). Data are presented as medians, interquartile ranges
(IQR) and percentages. The Kolmogorov–Smirnov test was
used to determine the normality of data distribution.
According to this, nonparametric continuous data were
compared with Mann–Whitney’s test. Chi-square test was
used to compare percentages. Spearman coeYcients were
calculated to determine correlations between CoQ10 levels
(plasma and amniotic liquid) and various numeric variables
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(bivariate analysis). Additionally, multiple linear regression
analysis was performed adjusting for several confounding
factors (maternal age, parity, marital status, mode of deliv-
ery, educational level and total plasma cholesterol levels).
CoQ10 levels were log transformed prior to any linear
regression analysis. A p value of <0.05 was considered as
statistically signiWcant.

Results

During the study period, a total of 75 women fulWlled inclu-
sion criteria and were recruited, n = 30 preterm (40%) and
n = 45 term (60%). Three preterm cases were excluded due
to incomplete data or because the biological sample was not
adequate for analysis. The general maternal data and bio-
chemical analysis of plasma and amniotic liquid are
depicted in Table 1. No diVerences were found among stud-
ied women except for maternal age, which was signiWcantly
higher among those delivering preterm. No women in the
study had the habit of smoking.

Median [interquartile range] maternal plasma CoQ10
levels did not diVer among the studied women (preterm
0.47 [0.12] vs. term 0.47 [0.23] mmol/L, p = 0.90), even
when compared according to the mode of delivery. Overall,
CoQ10 amniotic Xuid levels were nearly tenfold lower than
those found in maternal plasma. Women delivering preterm
displayed lower CoQ10 levels (0.050 [0.05] vs. 0.062
[0.04] mmol/L, p = 0.007) (Table 1, Fig. 1), with no diVer-
ences observed for total plasma cholesterol levels. Upon

bivariate Spearman analysis, amniotic Xuid CoQ10 levels
signiWcantly correlated with neonatal gestational age
(r2 = 0.73, p = 0.004). This was conWrmed after multiple
linear regression analysis controlling for several covariates.

Discussion

Free radicals, antioxidants and co-factors participate in
health maintenance, aging and several age-related diseases.
Oxidative stress is balanced by antioxidant systems [2, 13,
19]. Studies assessing plasma CoQ10 status during preg-
nancy are scarce. Noia et al. [20] have reported that mater-
nal serum CoQ10 levels increase with gestational age, with
an additional third trimester increase in relation to uterine
contractile activity. In another study, it was found that after
adjusting for age, lipid markers and smoking habit, serum
CoQ10 levels signiWcantly correlated with maternal weight
and fat mass gain (second to third trimester) and infant birth
weight [21]. Lower plasma [18, 22–24] and increased pla-
cental and cord blood CoQ10 levels [22] have been
reported in pregnancies complicated with preeclampsia.
One study also found that maternal interleukin-18 levels
positively correlated with the reduced form of CoQ10 [25].

Compagnoni et al. [26] reported that serum CoQ10 lev-
els were higher in mothers and neonates after vaginal or
elective cesarean delivery with spinal anesthesia as com-
pared to cesarean sections with general anesthesia, suggest-
ing that mode of delivery may aVect CoQ10 levels.
Contrary to this, our study found that plasma CoQ10 levels
did not diVer among laboring women even after stratifying
for mode of delivery.

Spontaneous preterm birth is a worldwide signiWcant
public health problem. Although inXammation and the gen-
eration of reactive oxygen and nitrogen species may play
signiWcant roles in diverse pathological situations, including
preterm labor and stillbirths, the etiology of preterm birth
remains unknown. Studies analyzing CoQ10 levels in

Table 1 Maternal demographics, delivery characteristics and analyte
(CoQ10 and total cholesterol) concentrations

Values are presented as medians [interquartile range] or percentages
(%)

* p value as determined with the Mann–Whitney test or chi-square
calculation

Parameter Preterm 
(n = 27)

Term 
(n = 45)

p value*

Maternal age (years) 26 [8] 21 [8] 0.02

Parity 2.0 [3] 1.0 [2] 0.11

Nonmarried status 15 (55.6%) 27 (60%) 0.71

Low schooling 
(<12 years)

19 (70.4%) 29 (64.4%) 0.60

Vaginal route 
of delivery

13 (48.1%) 29 (64.4%) 0.17

Gestational age 
(weeks)

33.0 [4.1] 40 [1.4] 0.0001

Amniotic Xuid CoQ10 
(mmol/L)

0.050 [0.05] 0.062 [0.04] 0.007

Plasma CoQ10
(mmol/L)

0.47 [0.12] 0.47 [0.23] 0.90

Plasma total cholesterol 
(mg/dL)

242.6 [50.9] 217.2 [73.38] 0.06

Fig. 1 CoQ10 levels (amniotic Xuid and plasma) according to gesta-
tion outcome (*p = 0.007)
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amniotic Xuid are lacking in literature. In this sense, to the
best of our knowledge, the present pilot study may indeed be
the Wrst to report amniotic Xuid CoQ10 levels, compared
with plasma status and gestational age. Overall, CoQ10
amniotic Xuid levels were nearly tenfold lower than those
found in maternal plasma. The relevance of this Wnding is
yet to be determined in future studies. Most interesting was
the Wnding that women delivering preterm displayed signiW-
cantly lower amniotic Xuid CoQ10 levels as compared to
term deliveries. The signiWcant coeYcient correlation found
between amniotic Xuid CoQ10 levels and gestational age
(bivariate and multivariate analysis) seems to support our
Wnding. Lower amniotic Xuid CoQ10 levels in preterm preg-
nancies could be related to immaturity (lower production) or
a higher degree of consumption. Imbalance between oxi-
dants and antioxidants has been reported in preterm infants
during the Wrst few hours of life [27]. In any case, the pres-
ent data seem to support that amniotic Xuid CoQ10 levels
are plasma independent and have an unexplored role in the
pathogenesis of preterm delivery related to the fetal com-
partment. In this regard, CoQ10 oral supplementation in
early pregnancy presents as an attractive preterm birth pre-
ventive/intervention measure. Supporting this is the fact that
CoQ10 supplementation signiWcantly decreased preeclamp-
sia risk [9]. More research is warranted to conWrm our pre-
liminary Wndings and support CoQ10 as a biological marker
of preterm birth when assessed in amniotic Xuid.

The possible relation between CoQ10 and cholesterol
levels is controversial [28, 29]. CoQ10 levels tend to be
lower in subject with high cholesterol levels as compared to
healthy ones of the same age. In addition, statin treatment
appears to deplete natural CoQ10 levels [5, 30]. Plasma
total cholesterol and CoQ10 levels did not diVer among
women in the present study.

As for the limitations of this study, one can mention the
type of sample (small and convenient). Some variables were
not recorded (i.e., maternal and neonatal weight) important
for a complete multiple linear regression analysis. Despite
this, two facts are worthy of highlighting: (a) it is the Wrst
study to assess CoQ10 levels in amniotic Xuid and (b) the
Wrst to report lower levels among gestations delivered pre-
term. More research is required to further explore the role of
amniotic Xuid CoQ10 levels in the pathogenesis of preterm
birth, which could support any intervention measure.

ConXict of interest The authors declare no conXict of interest.
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