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Bile acids; Aim: Intrahepatic cholestasis of pregnancy (ICP) is considered a high-risk condition because it
Cord blood; may have serious consequences for the fetus health. ICP is characterized by the accumulation
Oxidative stress; of bile acids in maternal serum which contribute to an imbalance between the production of
Pregnancy reactive oxygen species and the antioxidant defenses increasing the oxidative stress experi-
cholestasis; enced by the fetus. Previously, it was reported a significant decrease in plasma coenzyme Q10
Ubiquinone (CoQ10) in women with ICP. CoQ10 is a redox substance integrated in the mitochondrial respi-

ratory chain and is recognized as a potent antioxidant playing an intrinsic role against oxidative
damage. The objective of the present study was to investigate the levels of CoQ10 in umbilical
cord blood during normal pregnancy and in those complicated with ICP, all of them compared
to the maternal ones.

Methods: CoQ10 levels and bile acid levels in maternal and umbilical cord blood levels during
normal pregnancies (n=23) and in those complicated with ICP (n=13), were investigated.
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Results: A significant decrease in neonate CoQ10 levels corrected by cholesterol (0.105+0.010
vs. 0.069 +0.011, P<0.05, normal pregnancy vs. ICP, respectively), together with an increase
of total serum bile acids (2.10+0.02 vs. 7.60 +2.30, P<0.05, normal pregnancy vs. ICP, respec-

tively) was observed.

Conclusions: A fetus from an ICP mother is exposed to a greater risk derived from oxidative
damage. The recognition of CoQ10 deficiency is important since it could be the starting point
for a new and safe intervention strategy which can establish CoQ10 as a promising candidate
to prevent the risk of oxidative stress.

© 2019 Elsevier Masson SAS. All rights reserved.

Introduction

Intrahepatic cholestasis of pregnancy (ICP) is a reversible
form of cholestasis that develops in the second or third
trimester of pregnancy and disappears spontaneously after
birth. ICP is considered a high-risk condition because,
despite being usually benign to the mother, it may have
serious consequences for the fetus, such as premature
deliveries, fetal distress, low weight, intrauterine growth
retardation and perinatal mortality [1]. Thus, an early and
accurate diagnosis is crucial to find an appropriate medi-
cal treatment to improve fetal outcome. This pathology
is characterized by the accumulation of bile acids (BA) in
maternal serum, which are likely responsible for the devel-
opment of the disease because of their cytotoxic effects [2].
Increased hydrophobic BA induces oxidative stress and apop-
tosis leading to hepatic parenchyma injury and, eventually,
extrahepatic tissues damage. If this event takes place dur-
ing gestation, the fetal health may be at risk [3]. Under
normal pregnancy conditions, a delicate balance exists
between the production of reactive oxygen species (ROS)
and the antioxidant defenses, whereas pathological condi-
tions may alter the fetal oxidative burden and antioxidant
responses [4].

Previously, it was reported a significant decrease in
plasma coenzyme Q10 (CoQ10) in women with ICP [5].
CoQ10 is a redox-active, lipophilic substance integrated in
the mitochondrial respiratory chain which acts as an elec-
tron carrier to produce cellular energy [6]. In addition, it
is recognized as a primary regenerating antioxidant play-
ing an intrinsic role against oxidative damage [7]. It has
been hypothesized that CoQ10 interacts earlier than vita-
min E in the antioxidant system and its depletion would be
an earlier marker of oxidative damage. Moreover, CoQ10
effectively supports the antioxidant activity of vitamin E
(considered the most important antioxidant so far) by redu-
cing its oxidized form [8]. Although the importance of CoQ10
in mitochondrial function is well established, the signifi-
cance of CoQ10 deficiency has recently achieved clinical
relevance. In this sense, CoQ10 determination has acquired
significance as a biomarker, particularly for metabolic and
oxidative stress abnormalities [6].

Considering the increase of hydrophobic BA and the
decrease of CoQ10 evidenced in women with ICP and,
therefore, the prooxidant environment in which the fetus
is exposed to, the objective of the present study was

to investigate the levels of CoQ10 in umbilical cord
blood during normal pregnancy and in those compli-
cated with ICP, all of them compared to the maternal
ones.

Materials and methods

Participants

Women were consecutive, prospective and transversally
studied.

Twenty-three healthy pregnant women and 13 ICP
patients (both groups in the third trimester of pregnancy)
were included in the study. All patients underwent cesarean
process with spinal anesthesia and none of the women
received oxytocin treatment. ICP diagnosis was based on
the presence of pruritus with elevation of total serum bile
acids (TSBA) higher than 11 wmol/L and/or at least one of
the two aminotransferases [alanine-aminotransferase (ALT)
or aspartate-aminotransferase (AST)] higher than the upper
normal limit (40 and 31 Ul/L, respectively), and/or elevation
of - glutamyltranspeptidase (y-GT) above 36 UI/L during
the second or third trimester of a pregnancy, where no
other condition has been observed, and the absence of infec-
tion by hepatitis A, B and C viruses, autoimmune diseases-
, alcohol intake, smoking or drug addiction, HIV, skin dis-
eases or biliary obstruction. The patients were not treated
with UDCA or other treatment at the time of the study
and none of the patients received prenatal supplements
containing CoQ10.

Maternal blood and newborn cord blood samples were
obtained simultaneously at birth. Samples were centrifuged
at 5000rpm at 4°C for 10 min and the serum fraction was
transferred into another vial and stored at —80°C until
assayed.

Serum Coenzyme Q10

CoQ10 in serum was quantified by an optimized micro-HPLC-
UV method as previously detailed [9].

Considering that information about lipid-related concen-
tration of CoQ10 helps to avoid misunderstandings and
abolishes its blood content variations [10], CoQ10 levels
were normalized by cholesterol levels (CoQ10ch.) by straight
division.
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Serum Bile Acids

Serum samples (200 uL) were de-proteinized by addition
of cold acetonitrile (600pL), and it was loaded onto a
reverse-phase 500mg SPE cartridge (Strata® C18-E car-
tridges, Phenomenex, USA) for cleanup. The methanol
fraction was collected, evaporated and the residue was dis-
solved in 50 pL methanol: ammonium acetate 10 mM (80:20)
of which 10 uL were injected into the high-performance
liquid chromatography- tandem mass spectrometry system
(HPLC-MS/MS) following the technique reported by Ye et al.
[11].

The separation and quantitation of BA were accom-
plished by liquid chromatography (UltimateHPLC, Thermo
Fisher Scientific, San Jose, CA, USA) coupled to a triple
quadrupole (TSQ Quantum Access Max, Thermo Fisher Scien-
tific, San Jose, CA, USA) with an electrospray ionization (ESI)
source, operating in the negative ion mode. All data were
acquired and processed using Xcalibur software, version 2.1
(Thermo Fisher®). The stationary phase was a BDS HYPERSIL
C18 (Thermo Scientific®) (100 mm x 2.1 mm, 2.4 mm) with
a C18 guard column Detection limits ranged from 0.001 to
0.012 pmol/L and linearity was confirmed between 0.03 and
60 pmol/L.

Biochemical markers

Biochemical markers were studied as numerical continuous
variables. These were measured according to internation-
ally recommended methods in a COBAS Auto-analyzer 6000
C-501 Module-Roche Diagnostics Germany. The following
markers were studied: total bilirubin (colorimetric method),
total proteins (Biuret-colorimetric method), albumin (col-
orimetric bromocresol green method), ALT (IFCC-kinetic
method), AST (IFCC-kinetic method), alkaline phosphatase
(ALP) (DGKC kinetic method), y-GT (IFCC-kinetic method),
lactate dehydrogenase (LDH) (DGKC-kinetic method) and
cholesterol (Chol) (CHOD/PAP-enzymatic method).

Statistical analysis

Shapiro—Wilk W-test of normality was performed.
Kruskal—Wallis non parametric analysis followed by
Mann—Whitney U-test was used. Differences between
groups were analyzed by Student’s t-test or non paramet-
rical tests, according to the distribution. G power statistic
was performed to determine the power of the analysis.
Levels of significance were established at P<0.05.

Ethical approval

This study was conducted in women with normal pregnancy
and with ICP under gestational control at ‘‘Hospital de
Clinicas’’ José de San Martin of the Universidad de Buenos
Aires, Argentina. This study complied with the Declaration
of Helsinki and was approved by the Institutional Review
Board and the Bioethical Committee of our Institutions (exp-
UBA 48891/16, approved 11/8/16 by Comité de Etica en
Investigacion Clinica and Comité de Etica del Hospital de

Clinicas 7/21/10). Written consent from all participants was
obtained.

Results

Thirteen out of twenty-one women diagnosed with ICP ful-
filled the inclusion criteria and were included in the study.

Mothers’ ages in both groups were comparable at the
time of the study. The clinical, obstetrics, perinatal and bio-
chemical markers of patients studied are shown in Table 1.
A significant decrease in ICP maternal gestational weeks
(P<0.01) and in their newborns weight was observed in com-
parison to controls (P<0.01).

TSBA and their profiles together with the CoQ10 levels in
mothers and their newborns are shown in Table 2. TSBA were
significantly higher in mothers with ICP respect to control
group (P<0.01), of which two of them had TSBA level higher
than 40 wM. Analysis of BA profile shows a significant increase
in chenodeoxycholic acid (CDCA) (P <0.05), cholic acid (CA)
(P<0.01) and litocholic acid (LCA) (P<0.01) with a three-
fold increase in the ratio of primary BA (CA:CDCA) (P<0.05)
in ICP mothers than controls (Table 2).

In newborns of mother with ICP, TSBA were higher
than controls (P<0.05) showing a significant increase in CA
(P<0.01) and LCA (P<0.05) with a six-fold increase in the
ratio of primary BA (CA:CDCA) (P<0.05) (Table 2).

The relative contribution of individual BA to TSBA pool,
calculated as % BA/TSBA, showed a significant increase in
CA in ICP with respect to control pregnancy (57.9 +8.3%
vs 21.14+0.6%, P<0.01 for mothers and 58.5+10.1% vs.
15.7+1.6%, P<0.05 for newborns). On the other hand,
CoQ10¢ho levels are reduced in ICP in both, mother (—64%,
P<0.001) and neonate (—30%, P<0.05), respect to controls
(Table 2). The CoQ10cho/ TSBA ratio decreased significantly
in mothers with ICP and in their newborns respect to control
group (P<0.01, ICP vs controls, in both cases) (Fig. 1).

Discussion

In this study, a decrease in gestational weeks and weight
in newborns from ICP mothers was observed, with respect
to the control group and this might be associated with the
intrauterine low restriction related to the disorder, as it
was previously reported [12]. In agreement with Gruccio
et al. [12] we have observed an increase in ALP in umbil-
ical cord blood in newborns from ICP mothers, that might
be related to cellular damage and inflammatory response
associated with the maternal condition in which this enzyme
levels are also increased. The decrease in total proteins and
albumin observed in the newborns from ICP mothers may
be due to the intrauterine low restriction and, particularly,
the decrease in ALT suggests a newborn hepatic immaturity
reflected on enzyme production [13].

The process of birth is accompanied by an increase in
oxidative aggression. The oxidative stress suffered by the
neonate is balanced by the maturation of effective antioxi-
dant mechanisms such as the enzymatic systems (superoxide
dismutase, catalase, glutathione peroxidase, etc.) [13].

To the end of gestation, there is an increase in oxy-
gen tension causing ROS production and therefore distinct
enzymatic antioxidant defenses are modified to reduce
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Table 1 Maternal age and gestational weeks, newborn weight and biochemical parameters in maternal venous blood and
umbilical cord blood in control and ICP.

Mother Newborn

CON ICP P CON ICP P
n 23 13 23 13
Mother Age (years) 24.7+1.0 29.44+1.5 0.786
Gestation (weeks) 38.6+0.2 36.8+0.7 <0.01
Chol (mg/dL) 233+15 249+13 0.242 60+3 70+6 0.574
Total protein (g/dL) 5.5+0.1 5.7+0.1 0.875 5.5+0.1 5.0+0.1 <0.01
Albumin (g/dL) 3.0£0.1 3.0+0.1 0.203 4.1+0.1 3.4+0.1 <0.01
ALT (UI/L) 8+1 84+25 <0.001 10+ 1 7+1 <0.01
AST (UI/L) 23+2 59+ 14 <0.01 30+3 30+3 0.868
ALP (UI/L) 203+6 327 +47 <0.05 204+9 289 + 36 <0.01
GGT (UI/L) 11+2 32+38 <0.001 99+13 100+ 16 0.551
LDH (UI/L) 439+ 34 470+ 46 0.551 771 +90 706 + 50 0.637
Total bilirrubin (mg/dL) 0.31+0.03 0.50+0.11 0.305 1.43+0.07 1.37+£0.07 0.748
Birthweight (g) 3245+78 2772 +157 <0.01
Apgar score <8 at 1 min (n) 0 3
Apgar score <8 at 5min (n) 0 1

Results are expressed as means+S.E.M; CON: control, ICP: intrahepatic cholestasis of pregnancy; Chol: cholesterol, ALT: alanine
aminotransferase; AST: aspartate aminotransferase; ALP: alkaline phosphatase; GGT: gamma-glutamyl transpeptidase; LDH: lactate

dehydrogenase.

Table 2 Comparison of total serum bile acid levels, serum bile acid profiles and CoQ10 in mothers and their newborns.

Mother Newborn

CON ICP P CON ICP P
TSBA (M) 0.734+0.005 20.1+10.5 <0.01 2.104+0.02 7.60+2.30 <0.05
UDCA (M) 0.054 +0.005 0.089 £0.048 0.523 0.189+£0.111 0.846 +0.444 0.427
CDCA(pM) 0.25440.051 4,57 +2.65 <0.05 1.25+0.05 2.124+0.46 0.184
DCA (M) 0.262 +0.049 1.005 £ 0.505 0.414 0.323+0.013 0.240+0.039 0.993
CA (uM) 0.155+0.005 14.30+8.85 <0.01 0.330+0.031 3.66+1.65 <0.01
LCA (uM) 0.009 4 0.002 0.039+0.010 <0.01 0.009 + 0.001 0.030+0.006 <0.05
CA/CDCA 0.628 +0.062 1.82+0.30 <0.05 0.262 +0.008 1.356 +£0.297 <0.05
CoQ10¢hot 0.116 +0.009 0.033 £0.005 <0.001 0.105+0.010 0.069 +£0.011 <0.05

Results are expressed as means & S.E.M; Bile acids are expressed in their free, glycine and taurine forms; CON: control; ICP: intra-
hepatic cholestasis of pregnancy; TSBA: total serum bile acids; UDCA: ursodeoxycholic acid; CDCA: chenodeoxycholic acid; DCA:
deoxycholic acid; CA: cholic acid; LCA: lithocholic acid; CoQ10che: CoQ10 levels corrected by cholesterol expressed as pumol CoQ/mmol

cholesterol.

the resultant radicals. Compagnoni et al. [14] suggested
that the risk of oxidative stress related to the exposure
of neonate to the extrauterine environment, provides the
mother with an adequate storage of antioxidant systems as
CoQ10.

Frank et al. [15] determined an increase in antioxi-
dant mechanisms at the pulmonary level during the end
of gestation in coincidence with the maturation pattern of
pulmonary surfactant.

However, when ROS generation exceeds the capacity
of the antioxidant defenses, oxidative stress emerges and
indiscriminate damage to proteins, lipids and DNA occurs
leading to eventual cell death [16]. Since CoQ10 is consid-
ered the first line of defense in response to oxidative stress,
decreased CoQ10 levels detected in mothers with ICP may
pose a risk for the newborn.

Besides, pre-term neonates are at a higher risk for oxida-
tive stress at birth and are very susceptible to oxidative
damage by ROS because the extrauterine environment has
more oxygen than the intrauterine environment [4]. This
problem is aggravated by the low efficiency of natural
antioxidant systems in the newborn that could be worsened
even more if the antioxidant capacity of the mother is defi-
cient [14].

A previous study in pre-eclampsia [17] showed that in
response to an oxidative insult, fetal CoQ10 levels in cord
blood are increased compared to normal pregnancies; the
authors suggest this could be a compensatory mechanism to
protect the newborn from excessive oxidative stress.

In the present study, the levels of CoQ10 in normal
pregnant women were similar to those previously reported
by other authors [14,18]. Also, as previously described,
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CoQ10chot/ TSBA ratio in mothers (A) and newborns (B) from CON and ICP pregnancy, n=23 and n=13, respectively.

Results are expressed as means + S.E.M; **P<0.01, ICP vs CON. CoQ10cho: CoQ10 levels corrected by cholesterol (pmol CoQ10/mmol
cholesterol); TSBA: Total serum bile acids (wM); CON: control; ICP: intrahepatic cholestasis of pregnancy.

we detected a decrease of CoQ10 levels together with an
increase of TSBA in patients with ICP [5].

Taking into account the results obtained by Teran et al.
[17], we have expected an increment of CoQ10 levels in
cord blood in ICP as occurs in pre-eclampsia, as a compen-
satory mechanism to protect the newborn from excessive
oxidative stress. Contrary, we have observed that levels
of CoQ10 was maintained in ICP cord blood and even was
decreased respect to controls when it was normalized to
cholesterol. Also, an increase in TSBA in ICP cord blood
was observed respect to normal pregnancies. The decreased
CoQ10h0/ TSBA ratio reflects a highly pro-oxidant environ-
ment since it combines the increase of BA levels with the
decrease of CoQ10 and this fraction is decreased both in
the mother and the newborn with ICP respect to normal
pregnancies.

As we have shown, the levels of cholesterol did not
change during ICP in mother and newborns but TSBA in moth-
ers is increased 30 times while CoQ10 is decreased 3 times.
This could be explained taking into account the metabolic
pathway. In ICP mothers the synthesis of BA produced from
mother’s cholesterol, was highly increased. To maintain the
concentration of cholesterol it is possible that the meval-
onate pathway was accelerated to supply the cholesterol
synthesis and even absorbs part of the metabolic flow
required to support the CoQ10 synthesis, another branch of
the mevalonate pathway [19].

Another possible explanation relays in the decrease of
HMG-CoA synthase and HMG-CoA reductase activities medi-
ated by BA (especially CA) as a feedback down-regulation
[20]. The increase of TSBA with high concentrations of
CA observed in mothers and newborns, could decrease
HMG-CoA activities and, hence, decrease mevalonate path-
way preserving the cholesterol way but decreasing CoQ10

synthesis. The later could explain why the newborn cannot
compensate the oxidative stress present in ICP by increasing
CoQ10 levels as it was demonstrated in pre-eclampsia.

On the other hand, one of the proposed final common
pathways leading to cholestatic liver injury is the intracel-
lular accumulation of hydrophobic BA. This accumulation
associated with cholestasis could increase fetal susceptibil-
ity to oxidative stress such as occurs during maternal alcohol
ingestion, which could also have a negative impact on fetal
development [21,22].

Moreover, hydrophobic BA like LCA, directly stimulate
the generation of ROS in hepatocytes and liver mitochon-
dria and its mechanism involves mitochondrial dysfunction
with respiratory chain alteration during cholestasis [22,23].
Yerushalmi et al. [23] proposed that ROS are generated at
the ubiquinone-complex Il interaction of the respiratory
chain in hepatic mitochondria upon exposure to BA.

Krahenbil et al. [24] also reported that hydrophobic
BA, such as CDCA and LCA, impair the function of enzyme
complexes of the mitochondrial electron transport chain
in intact and disrupted mitochondria at low concentrations
and confirmed the decrease in complex | and Il activities.
Mitochondrial toxicity induced by lipophilic BA could be rel-
evant in the development of cholestasis liver failure. These
events could possibly alter CoQ10 levels by generating large
amounts of free radicals that will eventually lead to its con-
sumption.

Additionally, Botla et al. [25] reported that hydrophobic
BA initiate the membrane permeability transition in hepatic
mitochondria.

Thus, growing evidence propose that accumulated BA
impair electron transport in the respiratory chain, pro-
moting electron leak at the ubiquinone-complex Il site of
interaction, enhancing the formation of superoxide and a
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more toxic oxygen radical species. Indeed, a CoQ10 ana-
logue (idebenone), which could promote a more efficient
electron transport in addition to its antioxidant properties,
prevents BA stimulation of ROS from hepatic mitochondria
and intact hepatocytes [22,23].

It is also important to highlight that many substances,
and in particular those derived from nutrients, have an
antioxidant effect. The transfer through the placenta
of antioxidant substances such as ascorbic acid, alpha-
tocopherol, beta-carotenes and CoQ10, is essential for
improving defenses against oxidative aggression in normal
pregnancies. In premature newborn associated with ICP
condition, both the physiological oxidative stress and the
diminished antioxidant defenses promote a fetal imbalance.
The maternal—fetal nutrient transfer with an antioxidant
effect, during the final stage of gestation, is not completed
in the premature neonate, and some of the antioxidant enzy-
matic systems have not maturated [12]. These observations
show an oxidant damage of mitochondrial hepatocyte with
the consequent functional deterioration promoted by BA
along with the immaturity of the fetal antioxidant enzyme
systems.

Beyond the hypotheses previously discussed, the fact
is that in terms of CoQ10, the newborn does not manage
to generate an adaptive response to the oxidative stress
observed in cholestasis.

Conclusion

A decrease of CoQ10 levels in ICP cord blood was found.
Even though our study dealt with a low number of patients
especially due to a difficulty of finding ICP mothers without
treatment, our preliminary data seem to suggest that the
recognition of CoQ10 deficiency is important in ICP since it
could be the starting point for a new and safe intervention
strategy based on CoQ10 maternal supplementation to pre-
vent the risk of oxidative stress in ICP even as a general
supplement for mothers a the starting point of gestation.
More studies are needed to investigate this further.

Funding

The authors express their acknowledgement to Universidad
de Buenos Aires (UBACyT20020150100066BA, 01/K24 and
20020120200243BA) and CONICET (PIP11220110100375) for
the financial support. M.M received a doctoral scholarship
from CONICET.

Author contributions

All authors contributed significantly to this work. MM and SL:
Optimized the analytical methods and extracted the data;
MM, SC and MB DiC: collected the samples and conducted
experiments, HRV: Selected the patients and was the obste-
trician responsible for the patients; BP: analyzed the data
and wrote the manuscript and VT: Designed the research,
analyzed the data and wrote the manuscript.
All authors read and approved the final manuscript.

Disclosure of interest

The authors declare that they have no competing interest.

Acknowledgments

The authors thank Dr. Cecilia Dobrecky for her kind assis-
tance in the language correction.

References

[1] Germain AM, Carvajal JA, Glasinovic JC, Kato S, Williamson C.
Intrahepatic cholestasis of pregnancy: an intriguing pregnancy-
specific disorder. J Soc Gynecol Investig 2002;9:10—4,
http://dx.doi.org/10.1177/107155760200900103.

[2] Glantz A, Ulrich Marschall H, Mattson L. Intrahepatic cholesta-
sis of pregnancy: relationships between bile acid levels
and fetal complication rates. Hepatology 2004;40:467—74,
http://dx.doi.org/10.1002/hep.20336.

[3] Monte MJ, Marin JJ, Antelo A, Vazquez-Tato J. Bile acids: chem-
istry, physiology, and pathophysiology. World J Gastroenterol
2009;15:804—16, http://dx.doi.org/10.3748/wjg.15.804.

[4] Davis JM, Auten RL. Maturation of the antioxidant system
and the effects on preterm birth. Sem Fetal Neona-
tal Med 2010;15:191-5, http://dx.doi.org/10.1016/
j.siny.2010.04.001.

[5] Martinefski MR, Contin MD, Rodriguez M, Gerez E, Galleano
ML, Lucangioli SE, et al. Coenzyme Q in pregnant women and
rats with intrahepatic cholestasis. Liver Int 2014;34:1040-8,
http://dx.doi.org/10.1111/liv.12323.

[6] Barshop B, Gangoit J. Analysis of coenzyme Q10 in
human blood and tissues. Mitochondrion 2007;7:89—93,
http://dx.doi.org/10.1016/j.mito.2007.04.002.

[7] Crane FL. Biochemical functions of coenzyme Q10. J
Am Coll Nutr 2001;20:591-8, http://dx.doi.org/10.1080/
07315724.2001.10719063.

[8] Conti V, Izzo V, Corbi G, Russomanno G, Manzo V, De Lise F,
et al. Antioxidant supplementation in the treatment of aging-
associated diseases. Frontiers in Pharmacology 2016;7:24,
http://dx.doi.org/10.3389/fphar.2016.00024.

[9] Contin MD, Flor S, Martinefski MR, Lucangioli SE, Tripodi
VP. New analytical strategies applied to the deter-
mination of coenzyme Q10 in biological matrix. In:
Armstrong F, editor. Advanced Protocols in Oxidative
Stress 1ll. 1th ed New York: Springer; 2015. p. 409-20,
http://dx.doi.org/10.1007/978-1-4939-1441-8_29.

[10] Niklowitz P, Andler W, Menke T. Coenzyme Q10 concentration in
plasma and blood cells: what about diurnal changes? Biofactors
2006;28:47—54, http://dx.doi.org/10.1002/biof.5520280105.

[11] Ye L, Liu S, Wang M, Shao Y, Ding M. High-performance
liquid chromatography-tandem mass spectrometry for
the analysis of bile acid profiles in serum of women
with intrahepatic cholestasis of pregnancy. J Chro-
matogr B Analyt Technol Biomed Life Sci 2007;860:10—7,
http://dx.doi.org/10.1016/j.jchromb.2007.09.031.

[12] Gruccio S, Di Carlo MB, Pandolfo M, Santa Cruz G, Touzon MS,
Negri G, et al. Biochemical profiling study in umbilical cord
blood as predictors of neonatal damage. Int J Clin Pediatr
2014;3:5—11, http://dx.doi.org/10.14740/ijcp140e.

[13] Robles R, Palomino N, Robles A. Oxidative stress in
the neonate. Early Hum Dev 2001;65(Suppl):S75—81,
http://dx.doi.org/10.1016/50378-3782(01)00209-2.

[14] Compagnoni G, Lista G, Giuffre B, Mosca F, Marini
A. Coenzyme Q10 levels in maternal plasma and cord

Please cite this article in press as: Martinefski MR, et al. Fetal coenzyme Q10 deficiency in intrahepatic cholestasis of
pregnancy. Clin Res Hepatol Gastroenterol (2019), https://doi.org/10.1016/j.clinre.2019.07.006



https://doi.org/10.1016/j.clinre.2019.07.006
dx.doi.org/10.1177/107155760200900103
dx.doi.org/10.1002/hep.20336
dx.doi.org/10.3748/wjg.15.804
dx.doi.org/10.1016/j.siny.2010.04.001
dx.doi.org/10.1016/j.siny.2010.04.001
dx.doi.org/10.1111/liv.12323
dx.doi.org/10.1016/j.mito.2007.04.002
dx.doi.org/10.1080/07315724.2001.10719063
dx.doi.org/10.1080/07315724.2001.10719063
dx.doi.org/10.3389/fphar.2016.00024
dx.doi.org/10.1007/978-1-4939-1441-8_29
dx.doi.org/10.1002/biof.5520280105
dx.doi.org/10.1016/j.jchromb.2007.09.031
dx.doi.org/10.14740/ijcp140e
dx.doi.org/10.1016/S0378-3782(01)00209-2

+Model
CLINRE-1304; No. of Pages7

Fetal CoQ10 in pregnancy cholestasis

7

blood: correlations with mode of delivery. Biol Neonate
2004;86:104—7, http://dx.doi.org/10.1159/000078382.

[15] Frank L, Groseclose EE. Preparation for birth into an
02-rich environment: the antioxidant enzymes in the
developing rabbit lung. Pediatr Res 1984;18:240—4,
http://dx.doi.org/10.1203/00006450-198403000-00004.

[16] Jauniaux E, Watson AL, Hempstock J, Bao YP, Skepper
JN, Burton GJ. Onset of maternal arterial blood flow
and placental oxidative stress. A possible factor in human
early pregnancy failure. Am J Pathol 2000;157:2111-22,
http://dx.doi.org/10.1016/50002-9440(10)64849-3.

[17] Teran E, Vivero S, Racines-Orbe M, Castellanos A, Chuncha G,
Enriquez G, et al. Coenzyme Q10 is increased in placenta and
cord blood during preeclampsia. BioFactors 2005;25:153—8,
http://dx.doi.org/10.1002/biof.5520250117.

[18] Noia G, Littarru GP, De Santis M, Oradei A, Mactromarino C,
Trivellini C, et al. Coenzyme Q10 in pregnancy. Fetal Diagn Ther
1996;11:264—70, http://dx.doi.org/10.1159/000264313.

[19] Yubero D, Montero R, Armstrong J, Espinos C, Palau F, Santos-
Ocana C, et al. Artuch. Molecular diagnosis of coenzyme
Q10 deficiency. R. Expert Rev Mol Diagn 2015;15(8):1049—-59,
http://dx.doi.org/10.1586/14737159.2015.1062727.

[20] Honda A, Salen G, Nguyen LB, Xu G, Tint GS, Batta AK, et al.
Regulation of early cholesterol biosynthesis in rat liver: effects
of sterols, bile acids, lovastatin, and BM 15.766 on 3-hydroxy-
3-methylglutaryl coenzyme A synthase and acetoacetyl

coenzyme A thiolase activities. Hepatology 1998;27(1):154—9,
http://dx.doi.org/10.1002/hep.510270124.

[21] Perez MJ, Velasco E, Monte MJ, Gonzalez-Buitrago JM,
Marin JJ. Maternal ethanol consumption during preg-
nancy enhances bile acid induced oxidative stress and
apoptosis in fetal rat liver. Toxicology 2006;225:183—94,
http://dx.doi.org/10.1016/j.tox.2006.05.015.

[22] Sokol RJ, Winklhofer-Roob BM, Devereaux MW, McKim JM.
Generation of hydroperoxides in isolated rat hepatocytes and
hepatic mitochondria exposed to hydrophobic bile acids. Gas-
troenterology 1995;109:1249—56.

[23] Yerushalmi B, Dahl R, Devereaux MW, Gumpricht E, Sokol
RJ. Bile acid—Induced rat hepatocyte apoptosis is inhib-
ited by antioxidants and blockers of the mitochondrial
permeability  transition.  Hepatology = 2001;33:616—26,
http://dx.doi.org/10.1053/jhep.2001.22702.

[24] Krahenbiihl S, Talos C, Fischer S, Eichen J. Toxicity
of bile acids on the electron transport chain of iso-
lated rat liver mitochondria. Hepatology 1994;19:471-9,
http://dx.doi.org/10.1002/hep.1840190228.

[25] Botla R, Spivey JR, Aguilar H, Bronk SF, Gores GJ. Ursodeoxy-
cholate (UDCA) inhibits the mitochondrial membrane per-
meability transition induced by glycochenodeoxycholate: a
mechanism of udca cytoprotection. J Pharmacol Exp Ther
1995;272:930-8.

Please cite this article in press as: Martinefski MR, et al. Fetal coenzyme Q10 deficiency in intrahepatic cholestasis of
pregnancy. Clin Res Hepatol Gastroenterol (2019), https://doi.org/10.1016/j.clinre.2019.07.006



https://doi.org/10.1016/j.clinre.2019.07.006
dx.doi.org/10.1159/000078382
dx.doi.org/10.1203/00006450-198403000-00004
dx.doi.org/10.1016/S0002-9440(10)64849-3
dx.doi.org/10.1002/biof.5520250117
dx.doi.org/10.1159/000264313
dx.doi.org/10.1586/14737159.2015.1062727
dx.doi.org/10.1002/hep.510270124
dx.doi.org/10.1016/j.tox.2006.05.015
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0235
dx.doi.org/10.1053/jhep.2001.22702
dx.doi.org/10.1002/hep.1840190228
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250
http://refhub.elsevier.com/S2210-7401(19)30171-8/sbref0250

	Fetal coenzyme Q10 deficiency in intrahepatic cholestasis of pregnancy
	Introduction
	Materials and methods
	Participants
	Serum Coenzyme Q10
	Serum Bile Acids
	Biochemical markers
	Statistical analysis
	Ethical approval

	Results
	Discussion
	Conclusion
	Funding
	Author contributions
	Disclosure of interest
	Acknowledgments
	References


