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Abstract 
 
Background: To determine plasma free amino acid (FAA) and carnitine levels in pregnant women 
with hydatidiform mole (HM). 
Materials and Methods: Twenty-three pregnant women with HM, and 24 healthy pregnant women 
as controls were enrolled in the study. FAA and carnitine concentrations were measured in plasma 
using liquid chromatography/tandem mass spectrometry (LC-MS). 
Results: The levels of alanine, arginine, and valine from the 14 amino acids examined were signifi-
cantly lower in the HM group than in the healthy group (p = 0.019, p = 0.009, and p = 0.03, respec-
tively). In addition, several carnitines, C8DC, C16:1, and C18, of the 27 carnitines examined were 
significantly higher in the HM group than in the control group (p = 0.021, p = 0.03, and p = 0.021, 
respectively). 
Conclusions: This study demonstrated that a decrease in some plasma FAAs and an increase in some 
plasma carnitine levels might be effective in the pathogenesis of HM. 
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 Öz 
 
Amaç: Hidatidiform mol (HM)'li gebe kadınlarda plazma serbest amino asit (FAA) ve karnitin düzey-
lerini belirlemek. 
Materyal ve Metod: Çalışmaya 23 HM'li gebe ve kontrol grubu olarak 24 sağlıklı gebe dahil edildi. 
FAA ve karnitin konsantrasyonları, sıvı kromatografisi/tandem kütle spektrometrisi (LC-MS) kullanı-
larak plazmada ölçüldü. 
Bulgular: İncelenen 14 amino asitten alanin, arginin ve valin düzeyleri HM grubunda sağlıklı gruba 
göre anlamlı derecede düşüktü (sırasıyla p = 0,019, p = 0,009 ve p = 0,03). Ek olarak, incelenen 27 
karnitinden birkaç karnitin, C8DC, C16:1 ve C18, HM grubunda kontrol grubuna göre önemli ölçüde 
daha yüksekti (sırasıyla p = 0,021, p = 0,03 ve p = 0,021). 
Sonuç: Bu çalışma, bazı FAA'lerin plazma seviyesindeki azalmanın ve bazı karnitinlerin de plazma 
düzeylerindeki artışın HM patogenezinde etkili olabileceğini düşündürmektedir. 
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Introduction 
Hydatidiform mole (HM) is a gestational trophoblastic dise-
ase, which is characterized by abnormal trophoblastic proli-
feration and hydrophic degeneration in the placenta (1). HM 
may lead to several complications, such as massive bleeding 
during pregnancy, uterine rupture when performing evacua-
tion, and transforming to gestational trophoblastic neopla-
sia, so it negatively affects a woman’s health both during 
pregnancy and for rest of her life (2). Although several stu-
dies have identified interesting pathogenetic pathways that 
might contribute to the development of HM, such as genetic 
defects in fertilization phase, NLRP7 gene mutations, and di-
etary changes, the exact ethiology is still not fully elucidated 
(3-5).  
Carnitine (L-3-hydroxy-4-N-N-N-trimethylaminobutyrate) is 
an essential compound, that is synthesized in only a few or-
gans, such as brain, liver, and kidney. It has a functional role 
in the intracellular transport of long-chain fatty acids for β-
oxidation process (6,7). Fatty acids are energy substrates 
that provide the energy necessary for growth, maturation, 
and transport functions of placenta. Since carnitine biosynt-
hesis in the fetus is insufficient, transport of maternal carni-
tine through the placenta plays an important role for fetal 
development (8). 
Amino acids are biologically important organic molecules, 
which play central roles both in building of proteins and as 
intermediates in metabolism of cells and tissues. The free 
amino acids (FAAs) are distributed throughout the body to 
participate the active metabolic system (9). Previous studies 
have determined that metabolomics analysis, a new method 
measuring the metabolites in all tissue or biofluid samples, 
could usable in several diseases which has uncontrolled cell 
growth (10-12). In a study in normal pregnant women, the 
elevated levels of FAAs were found compatible with syncyti-
otrophoblast activity in the intervillous space (13). Since it is 
well known that there are hyperactivity and excess prolifera-
tion in trophoblastic cells of molar pregnancies, we hypothe-
sized that FAA levels would be lower in plasma of HM pati-
ents than in normal pregnants due to the enhanced metabo-
lism of trophoblastic cells. To the best of our knowledge, this 
is the first study in the literature which compares plasma FAA 
and carnitine levels in HM patients with those of healthy 
pregnant women. 
 
Materials and Methods 
This prospective study was conducted between January 2018 
and November 2018 in the Obstetrics & Gynecology and Bi-
ochemistry Departments of the Harran University Medical 
Faculty in Sanliurfa, Turkey. This study conformed with the 
principles of the 2008 Declaration of Helsinki and was appro-
ved by the local ethics committee of the Harran University 
Medical Faculty (2017/11-3). Detailed information was pro-
vided to all of the women enrolled in this study, and written 
consent was given by all of the patients. 
 
 

 
The study included 23 pregnant women with HM at 7 to 12 we-
eks of gestation and 24 age and gestational week matched he-
althy pregnant women. Any individuals with diabetes, thyroid 
dysfunction or hypertension, multiple gestations, and women 
whose pathology results were other types of gestational trop-
hoblastic disease, and women who use vitamins or smoke were 
excluded from the study. The HM diagnosis was made via USG 
results (Voluson 730 Expert scanner; GE Healthcare, Milwau-
kee, WI, USA) showing typical complete mole appearance, 
snowstorm appearance. In addition, patients’ ovaries were 
evaluated in terms of theca lutein cyst during ultrasonographi-
cal examination. The preoperative diagnosis of HM was confir-
med by postoperative histopathology results.  
Each woman’s age, body mass index (BMI), gravidity, parity, 
blood pressure, thyroid function test, β-hcg level, and urine 
analysis were documented. The venous blood samples were 
collected preoperatively when the HM diagnosis was made 
for the biochemical comparisons between the groups.  
 
Blood collection and immunoassay procedures 
Two tubes of blood were collected from all the participants 
at 7 to 12 weeks of gestation. Blood specimens placed into 
tubes with anticoagulant were centrifuged at 3500 rpm for 
10 mins at 4℃ to obtain plasma. Supernatants were frozen 
in liquid nitrogen and stored at -80℃ until analyzed. 
 
Carnitine and Amino Acid Analyses  
Levels of carnitine and FAA in the plasma specimens ob-
tained were analyzed with liquid chromatography-mass 
spectrophotometry (LC-MS) in line with La Marca et al. and 
Azzari et al. protocol (14,15). Gutria papers cut into small 
spots were placed in 96-well plates.  
Next, 7 µl plasma specimen was impregnated onto these and 
dried. In the following stage, 300 µl extraction buffer (3 
mmol /L hydrazine hydrate: methanol (2:1) and internal 
standard was added to the dried plasma specimens and in-
cubated for 1 h at 37 C. The solution obtained after incuba-
tion was evaporated under nitrogen and injected into a LC-
MS/MS -8040 device (Shimadzu Corporation, Japan) follow-
ing dissolution with the mobile phase. Peaks obtained for 
each analyte during measurement were defined by compar-
ison against internal standard peaks.  
 
Analysis Conditions 
Briefly, 40 µl from each specimen was injected into the de-
vice at a flow rate of 0.007 ml/2.2 min inside the mobile 
phase (A: water + 0.05% of formic acid, B: acetonitrile, A/B: 
30%/70%) under specified conditions of column oven 30 C, 
desolvation line 300 C, heat 500 C, nebulizing gas 3 L/min, 
drying gas 20 L/min. The data obtained were calculated 
based on internal standards on Shimadzu Neonatal software. 
Twenty-seven carnitine and 14 amino acid quantities were 
analyzed in a single injection. 
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The following 14 amino acids were analyzed: Methyl Glu-
taryl, aspartic acid (Asp), glutamic acid (Glu), ornitine (Orn), 
glycine (Gly), arginine (Arg), argininosuccinic acid (Asa), ala-
nine (Ala), citrulline (Cit), tyrosine (Tyr), valine (Val), methio-
nine (Met), leucine∕isoleucine (Leu∕Ile), and phenylalanine 
(Phe). The absolute concentration of each amino acid was 
expressed in µmol/L. 
 
Statistical Analysis 
All analyses were performed using Statistical Packages for 
Social Sciences for Windows, Version 20.0 (SPSS Inc., NY, 
USA). The data were expressed as means with standard de-
viations. Comparisons of the groups for normally distributed 
variables were performed using an independent samples t 
test. Differences between groups without normal distribu-
tion were checked with Mann-Whitney U test, while groups 
with categorical variables were compared with Pearson chi-
square test. Significance was evaluated at p < 0.05 for all 
tests. 
 
Results  
The demographic and clinical features of the groups are pre-
sented in Table 1.  HM patients have more hyperemesis 
symptoms (nausea and vomiting) than the controls, 
however, there were no correlation between the urine ke-
tone levels and the serum FAA and carnitine levels in HM 
group (both p>0.05). Also, the correlation analysis showed 

that there were no correlations between the plasma FAAs, 
carnitine levels, circulating β-Hcg levels, gestational ages, 
and maternal ages (p>0.05).  
The outcome of the participants in the control group were 
followed, and no pregnancy complications were observed 
during pregnancy. In addition, other parameters releated 
with birth, such as birth weight and gestational week at deli-
very, were normal. 
Of the 14 amino acids, there were no significant differences 
in the plasma FAA profiles between the controls and the HM 
patients, except for alanine, arginine, and valine, their levels 
were significantly lower in the HM group (p = 0.019, p = 
0.009, and p = 0.03, respectively) (Table 2).  In addition, a few 
of the 27 carnitines examined (i.e., C8DC, C16:1, and C18) 
were significantly higher in the HM group than in the control 
group (p = 0.021, p = 0.03, and p = 0.021, respectively) (Table 
3). 
The Row-Z score in the heat map system of the FAA levels in 
maternal plasma of HM patients and healthy pregnants is 
shown in Fig. 1. The colour change from green to red on the 
map represents an increase in amino acid levels. In HM pati-
ents, 3 of the plasma FAAs (i.e., valine, alanine, and arginine) 
were found to be lower than the controls. The dispersion of 
carnitine values is also demonstrated as a heat map grafic in 
Fig.2. The red color on the map shows high carnitine values. 
C8DC, C16:1, and C18 values were significantly higher in the 
HM group than in the control group. 
 

 
Table 1. Demographic characteristics of the groups 

 HM Patients (n = 23) Controls (n = 24) P 
Age, year 29. 57 ± 8.51 27.13 ± 5.62 NS 
BMI, kg/m2 22.13 ± 2.60 23.54 ± 1.62 NS 
Gravidity, n 3.70 ± 1.31 4.3 ± 1.01 NS 
Parity, n 2.01 ± 0.81 2.2 ± 1.23 NS 
Abortus, n 0.78 ± 0.60 1.33 ± 0.04 NS 
Gestational age, week 8.61 ± 2.08 9.46 ± 2.45 NS 
HM, hydatidiform mole; NS, not significant. 

 
Table 2. Plasma free amino acid values (µmol/L) of the groups 

Amino acids  HM Patients (n: 23)   M ± SD Controls (n: 24)      M ± SD P 
Methyl Glutaryl 0.05 ± 0.02 0.05 ± 0.04 NS 
Val 290.96 ± 97.10 358.61 ± 75.40 0.03 
Leu\Ile 297.93 ± 93.52 334.35 ± 85.40 NS 
Met 54.75 ± 15.88 58.05 ± 13.10 NS 
Phe 184.51 ± 56.04 207.37 ± 51.54 NS 
Asa 0.10 ± 0.03 0.15 ± 0.02 NS 
Tyr 80.81 ± 25.97 92.15 ± 27.14 NS 
Asp 61.08 ± 15.34 64.56 ± 13.04 NS 
Ala 475.46 ±103.55 556.99 ± 105.16 0.019 
Arg 428.87 ± 138.91 547.11 ± 140.20 0.009 
Cit 46.07 ± 14.21 52.39 ± 13.71 NS 
Gly 378.11 ± 108.23 373.16 ± 96.86 NS 
Orn 114.06 ± 19.46 100.16 ± 28.87 NS 
Glu 193.74 ± 83.33 179.58 ± 42.37 NS 

HM, hydatidiform mole; NS, not significant; Val, valine; Leu\Ile, Leucine\Isoleucine; Met, methionine; Phe, phenylalanine; Asa, argininosuccinic acid; Tyr, 
tyrosine; Asp, aspartic acid; Ala, alanine; Arg, arginine; Cit, citrulline; Gly, glycine; Orn, ornithine; Glu, glutamic acid. 
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Table 3. Plasma concentrations of carnitines (µmol/L) in pregnants with and without HM† 
Carnitines            HM Patients (n: 23) M ± SD Controls (n: 24) M ± SD P 
C0 118.90 ± 35.06 115.66 ± 26.86 NS 
C2 46.48 ± 18.62 38.60 ± 15.17 NS 
C3 0.72 ± 0.25 0.84 ± 0.25 NS 
C4 0.29 ± 0.18 0.28 ± 0.21 NS 
C4DC 0.06 ± 0.02 0.07 ± 0.02 NS 
C5 0.15 ± 0.05 0.14 ± 0.08 NS 
C5:1 0.12 ± 0.07 0.13 ± 0.03 NS 
C5OH 0.09 ± 0.03 0.09 ± 0.02 NS 
C5DC 0.22 ± 0.06 0.21 ± 0.11 NS 
C6 0.07 ± 0.05 0.07 ± 0.04 NS 
C6DC 0.04 ± 0.02 0.05 ± 0.01 NS 
C8 0.15 ± 0.10 0.16 ± 0.12 NS 
C8:1 0.07 ± 0.04 0.09 ± 0.01 NS 
C8DC 0.06 ± 0.07 0.03 ± 0.01 0.021 
C10 0.19 ± 0.11 0.22 ± 0.17 NS 
C10:1 0.34 ± 0.19 0.38 ± 0.24 NS 
C10DC 0.02 ± 0.01 0.01 ± 0.01 NS 
C12 0.11 ± 0.05 0.12 ± 0.09 NS 
C14 0.06 ± 0.04 0.05 ± 0.03 NS 
C14:1 0.23 ± 0.17 0.18 ± 0.16 NS 
C14:2 0.52 ± 0.37 0.49 ± 0.42 NS 
C16 0.20 ± 0.07 0.17 ± 0.06 NS 
C16:1 0.18 ± 0.09 0.10 ± 0.06 0.03 
C18 0.07 ± 0.02 0.03 ± 0.01 0.021 
C18:1 0.04 ± 0.02 0.05 ± 0.02 NS 
C18:2 0.09 ± 0.06 0.08 ± 0.04 NS 
C18:1 OH 0.01 ± 0.01 0.01 ± 0.01 NS 

 HM, hydatidiform mole; NS, not significant 
 

 
Figure 1. Heat map analysis showing the distribution of the plasma free amino acid values in both groups. HM: hydati-
diform mole, CON: control group. Aspartic acid (Asp), glutamic acid (Glu), ornithine (Orn), glycine (Gly), arginine (Arg), 
argininosuccinic acid (Asa), alanine (Ala), citrulline (Cit), tyrosine (Tyr), valine (Val), methionine (Met), leucine∕isoleu-
cine (Leu∕Ile), and phenylalanine (Phe). 
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Figure 2. Heat map analysis showing the distribution of the plasma carnitine values in both groups. HM: hydatidiform 
mole, CON: control group. 
 
Discussion 
In this study, we measured plasma FAA and carnitine levels 
in HM patients and healthy pregnant women as a control 
group. The original finding of the present study was that 
three amino acids (i.e., alanine, arginine, and valine) were 
significantly decreased, and three carnitines (i.e., C8DC, 
C16:1, and C18) were significantly increased in the preg-
nant women with HM.  
The mean plasma total carnitine concentration in non-
pregnant women has been reported to be approximately 
40 µmol/L (16). It has been found that plasma carnitine con-
centrations decreased during pregnancy and this decrease 
was mostly in the first half of pregnancy (17). The reasons 
for these low plasma carnitine concentrations in pregnancy 
are currently unknown, but several hypotheses have been 
asserted: Ringseis et al. speculated that plasma carnitine 
concentrations may be low in pregnant women due to re-
duced carnitine synthesis (18). However, their study had a 
clear limitation because the number of subjects was very 
small. Cho and Cha demonstrated that low carnitine levels 
were caused by increased urinary loss of carnitine in Korean 
pregnant women (17). Grube et al. showed that increased 
expression of carnitine/organic cation transporter 2 
(OCTN2), a carnitine-transporting protein in human pla-
centa, can play an important role in carnitine supply of  
 

 
 
growing fetus especially in early gestation. Grube et al. de-
tected that this protein located in the membrane of syncy-
tiotrophoblast, had a dominant role for carnitine uptake 
from maternal circulation (8). However, they have not si-
multanously measured the carnitine level changes in ma-
ternal plasma. Bai et al. have also investigated the reason 
of carnitine reduction and concluded that OCTN2 mediated 
L-Car transfer across placenta played a major role in mater-
nal plasma L-Car reduction during pregnancy (19). We fo-
und higher carnitine levels in plasma of pregnant women 
with HM compared to the healthy pregnant women. This 
finding suggests a defect in carnitine uptake by syncytiot-
rophoblasts due to the absence of a healthy pregnancy in 
HM patients or decreased expression of OCTN2 protein in 
HM cases. Although we did not study OCTN2 protein in pat-
hology specimens of HM patients, this speculation may be 
a hypothesis for further studies. 
Studies on amino acids have been previously published in 
several cancers and obstetric diseases such as gestational 
diabetes (20-23). Neoplastic cells need some amino acids, 
such as glutamine, glycine, aspartic acid and serine, for the 
new vessel formation, DNA synthesis, duplication of pro-
tein, and synthesis of hormones. In an in vitro study on 
mice, Roux et al. demonstrated that the glutamine amino 
acid uptake of pancreatic adenocarcinoma cells increased 
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compared to non-pancreatic tumor cells, therefore, the 
plasma glutamine levels decreased in the environment 
(12). Additionally, Saglik et al. found that glutamine amount 
was higher in pterygium tissue than in normal conjunctival 
tissue (24). Both studies were designed at the tissue level, 
unlike ours. In our study, circulating plasma glutamine le-
vels were found similar in both groups, however, alanine, 
arginine, and valine levels were lower in HM group than in 
healthy pregnants. This discrepancy may be due to diffe-
rent histopathogenesis of the diseases, differences in met-
hod used, small sizes of our study, female gender or youn-
ger age of our participants. 
Liu and colleagues pointed out changes in FAA concentrati-
ons in both plasma and gastric fluid, including threonine, 
serine, alanine, valine, methionine, isoleucine, leucine, ty-
rosine, phenylalanine, lysine, and arginine in the diagnosis 
of gastric cancer. They found an increase in gastric fluid FAA 
levels and a decrease in plasma FAA concentrations in gas-
ric cancer patients compared to nongastric cancer patients. 
The inconsistency of these metabolic phenotypes between 
plasma and gastric fluid in gastric cancer patients (opposite 
FAA levels) was explained as abnormal accumulation of se-
veral metabolites in tumor microenvironment (25). Camelo 
et al. showed that high FAA levels in the intervillous space 
were compatible with syncytiotrophoblast activity in he-
althy pregnant women. They thought that these high levels 
occurred due to an asymmetric influx or active transport 
from the trophoblast cells to the blood in the intervillous 
space (13). However, there is no study researching the as-
sociation between the plasma FAAs and HM. As the first 
study in the literature, we found decreased concentrations 
in several maternal plasma FAAs in patients with HM. This 
finding may be due to excessive consumption of FAAs in 
trophoblastic microenvironment, because trophoblastic 
cells are highly proliferative and are similar to cells in can-
cer tissue. Although molar pregnancy is not malignant tu-
mor, it has a risk for gestational trophoblastic neoplasia. 
However, we think that if the tissue-supported studies are 
performed, it will contribute to our results.  
Miyagi et al. suggested that plasma FAA profiling has an im-
portant role for cancer screening and diagnosis in patients 
with asymptomatic early-stage of the disease (20). More-
ver, they have demonstrated that the differences in FAA 
metabolism did not releated with impaired nutritional sup-
port of cancer patients. In contrast, some authors have sug-
gested that low plasma FAA levels were associated with 
anorexia, malnutrition, and progressive weight loss in can-
cer patients. Thus, the factors affecting plasma FAA levels 
in these subjects still remain controversial and unclear 
(10,11). Our HM patients had impaired nutritional support 
due to hyperemesis, but there was no correlation between 
the plasma FAA and urine ketone levels. 
Several factors, such as obesity and food intake, may affect 
the serum FAA and carnitine levels. Rigamonti et al. showed 
that whey consumption in obese female subjects increased 
some circulating amino acids (alanine, arginine, asparagine, 

citrulline, glutamine, hydroxyproline, isoleucine, histidine, 
leucine, lysine, methionine, ornithine, phenylalanine, pro-
line, serine, threonine, tyrosine and valine). They reported 
that of these amino acids, isoleucine, leucine, lysine, met-
hionine, phenylalanine, proline, tyrosine, and valine corre-
latated negatively with starvation and positively with sati-
ety (26). Additionally, Yamada et al. speculated that defici-
encies of certain dietary substrats, such as folic acid, prote-
ins, and vitamin B-12, which are essential for nucleic acid 
formation in decidual cells, may affect the risk of abortion 
releated with chromosomal disorders (27). Although, we 
did not measure other circulating parameters such as folic 
acid and vitamins, we showed that HM patients had diffe-
rent plasma FAA and carnitine levels compared to the he-
althy pregnants. We excluded obese pregnants, smokers, 
and women who use food supplements from the study to 
avoid changes in plasma FAA and carnitine levels that may 
occur due to these factors. However, further epidemiologi-
cal and biochemical studies are needed to obtain a more 
precise definition of specific dietary correlation.  
The limitations of this case-control study were that it was 
designed only between pregnant women and only by mea-
suring the maternal plasma. However, this study is the first 
in the literature to investigate FAA and carnitine profiling in 
HM. Although more research is needed to support our re-
sults, including larger sample sizes and investigating tissue 
samples, we think current results may be considered as re-
ferences for subsequent studies on HM. 
 
Conclusion 
This is the first report showing both plasma FAA and carni-
tine analyses in HM patients. The results of our study may 
shed new light on the role of metabolic factors in the pat-
hogenesis of HM.  
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