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Abstract
Different methods have been proposed to screen for 
preterm labor and delivery; most of these aim to pre-
dict the risk that preterm delivery is going to take place. 
However, interesting though this knowledge might be, 
knowing the future is of no use when no changes can 
be made. Recent publications have suggested new and 
exciting modalities to actually diminish the frequency 
of preterm birth in patients selected by transvaginal 
cervical length measurement; these modalities include 
vaginal progesterone and vaginal pessaries. Although 
promising, many questions remain to be answered; not 
least about the long term outcome for both neonates 
and mothers, but also on the eventual introduction of 
such strategies to the general obstetric population. One 
of the main problems that urgently needs clarification 
is how we are going to offer this best of medicine to 
those needing it most: deprived and socially isolated 
women who have the highest risk for preterm labor 
and delivery, probably not due to any congenital cervi-
cal problems, but to a combination of environmental, 
microbiological and social factors, including transgen-
erational poverty and deprivation.

© 2012 Baishideng. All rights reserved.
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Spontaneous preterm delivery is the major factor con-
tributing to neonatal mortality and morbidity and can 
result in life long lasting health problems for the early 
born child. Optimizing neonatal care, preparing the fetus 
with corticosteroids and/or magnesium sulfate and trying 
to postpone delivery with tocolytics are all considered a 
form of  “palliative” care once the disaster of  spontane-
ous preterm delivery seems inevitable, but actually the 
success rate of  these interventions is moderate at the 
best[1]. Over the years, a multitude of  publications have 
been produced on methods to predict preterm delivery; 
from a patient’s history (a previous preterm birth is a 
strong predictor but are we really interested in this as the 
majority of  preterm deliveries in the western world are in 
primiparous women), to uterine contraction monitoring, 
different serum markers in maternal blood and/or saliva 
and, most popular, transvaginal cervical length measure-
ment and both qualitative and quantitative detection of  
fetal fibronectin in cervicovaginal fluid. Logically, this is 
now resulting in ongoing studies to determine whether 
screening in low risk women is worthwhile[2]. Even 
then, cervical shortening and the appearance of  fetal 
fibronectin are most probably late signs of  an inflam-
matory response and real prevention ought to act before 
the inflammation is initiated. Romero coined the term 
“fetal inflammatory response syndrome” or FIRS[3] but 
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it is more probably not primarily a fetal but a maternal 
inflammatory response at the beginning of  the chain 
of  events resulting in preterm labor and delivery. As we 
still do not completely understand what is happening in 
normal term labor, it is hard to discover the pathologi-
cal changes that lead to preterm labor. Cervical ripening 
and myometrial contraction also occur in term labor, ac-
companied by inflammatory changes, and actually, during 
the whole of  normal pregnancy, any parameter used to 
express “inflammation” seems to be activated. Modulat-
ing inflammation and immune activation promises to 
be one of  the ways to really prevent preterm labor[4] but 
unluckily, the most straightforward method for this, us-
ing anti-inflammatory drugs such as indomethacin, were 
quite successful in postponing delivery but at the expense 
of  major fetal/neonatal side effects. It was hoped that 
simple interventions such as screening for asymptomatic 
bacteriuria and periodontal disease would significantly 
lower the incidence of  preterm delivery. These promises 
have not been kept: data on the effect of  treatment for 
asymptomatic bacteriuria are scarce and more recent find-
ings seem to find minimal, if  any, effect[5]; a meta-analysis 
on treating periodontal disease did not find a reduction in 
preterm delivery[6]. Much work has been done on bacte-
rial vaginosis and abnormal vaginal flora (whatever that 
may be) and treatment in early pregnancy (treating after 
20 wk is too late as the inevitable chain of  events has 
already begun) and clindamycin seems to reduce the risk 
of  spontaneous preterm birth at less than 37 wk but not 
at less than 33 wk; once again, a moderate effect at best[7]. 
If  one tries to look at the clinical picture in a more global 
way, these poor results from our intervention should not 
be surprising: not only are we treating blindly without re-
ally understanding what we are shooting at, but all these 
interventions have let us lose sight of  the pregnant wom-
an as a whole in her environment. Just imagine the pa-
tient with periodontal disease: in most cases you will find 
that it is not just a few million bacteria in the periodontal 
space but it is a lack of  dental and personal hygiene, often 
associated with smoking, unhealthy food habits and lack 
of  access to good dental (and general health) care. Treat-
ing teeth, or urine or vaginal flora, will never compensate 
for social deprivation, an insecure financial situation and 
a health system failing to provide care to the poorest. No 
wonder that dedicated antenatal clinics for women with 
a high risk for preterm birth are not a success when we 
do not know what we are treating and when you do not 
reach the real high risk group (unplanned pregnancies in 
“inflammatory”, meaning untreated, women), no change 
can be expected[8]. The real care, as with all primary pre-
vention in medicine, should not be at a central, far away, 
highly specialized clinic but at the local level.

The history of  the search for the prevention of  
preterm labor is full of  promising and finally failing 
interventions, such as calcium and magnesium supple-
mentation[9]. We do have a few little successes, such as ab-
dominal cerclage in those with no or a minimal cervix[10], 
although the dispute about (vaginal) cerclage will prob-
ably continue for decades.

What is considered a “major advance” at the moment 
is the story of  vaginal progesterone in the prevention of  
preterm labor. Vaginal progesterone can be administered 
in vaginal capsules, in most studies, 200 mg was used (but 
probably 100 mg is enough), or in a vaginal gel, in most 
studies 90 mg was used. Progesterone is better absorbed 
after application with a vaginal gel than using capsules. It 
has been demonstrated in a review by Rode et al[11] that 
the use of  vaginal progesterone in patients with a previ-
ous preterm birth resulted in significant lowering of  the 
percentage of  women delivering before 32 wk. Once 
more, as with simple history taking, most preterm births 
occur in women giving birth for the first time.

Recently, a very well designed prospective random-
ized trial clearly demonstrated that screening women with 
transvaginal ultrasound and measuring cervical length at 
19 to 23 wk, followed by vaginal progesterone gel if  the 
cervix is between 10 and 20 mm, results in almost halving 
the number of  preterm births[12], which confirms previ-
ous data using vaginal progesterone tablets in women 
with a cervix less than 15 mm[13]. This is really good news 
but leaves us with some questions too: Does it improve 
the neonatal outcome in the long term? What if  the cer-
vix is less than 10 mm? Why does it work in only half  
of  cases and, most importantly, how will we reach those 
deprived high risk women and offer them a vaginal ultra-
sound at 19 to 23 wk, realizing that preterm delivery is 
more frequent in late bookings?
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Abstract
Fetal growth is determined largely by the nutrient sup-
ply, placental transport function, and growth hormones. 
Recently, gene mutation and expression, especially of 
those genes associated with the proteins that are re-
lated to the fetal growth, have been reported to play 
an important role in the development of intrauterine 
growth restriction (IUGR). Fetal growth epigenetics, a 
new concept in fetal growth, has resulted from studies 
on fetal programing. This paper outlines the findings 
of our serial studies on IUGR, and summarizes data on 
IUGR animal models, placental function in transferring 
nutrients, cell proliferation dynamics in IUGR, and ex-
perimental treatment of IUGR. We review genetic ap-
proaches to IUGR, especially those relating to growth 
factor genes, angiotensinogen genes and other gene 
mutations. We also discuss the epigenetics of fetal 
growth and future study directions on fetal growth re-
striction. These should be valuable in elucidating the 
mechanisms employed by the fetus and in helping to 
develop interventional strategies that might prevent the 
development of IUGR.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Intrauterine growth restriction (IUGR) is an important 
obstetric complication affecting 5% of  pregnancies[1]. 
This condition represents an in utero shift from the ex-
pected pattern of  fetal growth potential into reduced 
birth weight. This leads to increased risk for intrauterine 
compromise, stillbirth, preterm birth and adverse peri-
natal and long-term outcomes[2-5]. It is generally accepted 
that IUGR is associated with a poor nutrient and oxygen 
supply, although the specific mechanisms involved in 
IUGR development are mostly unknown.

Fetal growth is determined largely by the nutrient 
supply, which is dependent on placental transport func-
tions. Though placental transportation depends on the 
concentration gradient between maternal and fetal blood, 
it seems that placental blood flow and the activity of  spe-
cific membrane transporters play more important role[6,7]. 
Regardless of  what the exact mechanism for IUGR 
might be, growth factors and their interaction with their 
receptors are most likely to be involved[8]. In addition to 
nutrition, placental function, and growth hormones, gene 
mutation and expression have been reported to be associ-
ated with IUGR[9-13]. Those genes associated with the pro-
teins that are related to the fetal growth such as growth 
factor genes are particularly implicated. In recent years, a 
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new concept in fetal growth, fetal growth epigenetics, has 
resulted from studies on fetal programing[3,14-16].

The information in this paper outlines findings from 
our serial studies on IUGR and reviews the genetic ap-
proaches in recent years. This should be valuable in the 
elucidation of  the mechanisms employed by the fetus and 
help in the development of  interventional strategies that 
might prevent the development of  IUGR.

EXISTING FINDINGS
IUGR animal models
Several methods have been used to establish the animal 
model of  IUGR. These include uterine artery ligation, 
passive smoking, alcohol exposure, administration of  
L-arginine or actinomycin, and maternal malnutrition. To 
date, mouse, rat, guinea pig, rabbit, sheep, monkey, dog, 
and pig have been used to establish the IUGR model[17-19].

We have reported the establishment of  an IUGR rab-
bit model using passive smoking and have studied the 
fetal and maternal plasma amino acid concentration, the 
blood flow of  utero-placenta and changes in cell prolif-
eration cycle in brain, liver and placenta[20,21]. In addition, 
the effect of  treatment with histiocyte activators and 
vasodilators on the IUGR was also observed[7,18]. Recent 
studies on gene mutations have shown that specific genes 
might play an important role in the development of  
IUGR[9-16].

Active transfer of nutrients through the placenta
Although fetal plasma nutrient concentration is related to 
the maternal concentration, some amino acids, especially 
most essential amino acids, show higher concentrations 
in fetal plasma than in maternal plasma, proving that the 
absorption of  amino acids from the maternal body to the 
fetus is an active process[22]. Maternal rabbit total plasma 
amino acid concentration at 28-d of  pregnancy was less 
than that of  non-pregnant rabbits. These changes were 
more apparent with essential amino acids. In the rabbit 
IUGR model, smoking could reduce the ability of  the 
placenta to transfer nutrients from the maternal to the 
fetal side. It was found that the total amino acid concen-
tration in fetus was lower in rabbits with IUGR induced 
by smoking than in controls. In fetal plasma, the levels of  
all essential amino acids, except threonine, and of  nones-
sential amino acids including serine, glutamine, alanine, 
tyrosine, arginine and histidine showed the same patterns 
in smoking groups as in the control group[7,20].

Dynamics of cell proliferation in IUGR
Cell proliferation in the fetus is very active, especially in 
early embryo phase. Proliferation depends on the cell di-
vision, as measured by analyzing the cell cycle using flow 
cytometry. The more rapid the cell division, the shorter 
the G0 and G1 phases. In another words, lower prolifera-
tion will leave more cells in G0 or G1 phase, while active 
proliferation will result in more in S + G2 + M phases. By 
analyzing the cell cycle using flow cytometry, we found 

that the ratio of  the cells in G0 + G1 phases to the total 
cells was increased and the ratio of  the cells in S + G2 + 
M phases to the total cells was decreased in fetal brain, 
liver and placenta in IUGR rabbits induced by passive 
smoking. This change was particularly prominent in brain. 
These results suggest that the proliferation of  the fetal 
cells and placenta were inhibited significantly, resulting in 
growth retardation of  the fetus. This data demonstrated 
that the transformation from G1 to S phases was restrict-
ed in IUGR and that cell proliferation is prevented[21,23].

Experimental treatment of IUGR
IUGR rabbits caused by passive smoking were treated 
with histiocyte activators (include ATP, Co-A, and Cyt-C) 
and vasodilators (InjectioSalviaeMoltiorrhizaeCom-
posita). The results showed that the vasodilators could 
increase the uteroplacental blood flow by about 35% and 
induced some progress in fetal development, as indicated 
by a 9.8% increase in fetal body weight. The fetal plasma 
amino acid concentration was also higher than that of  
the control group. It seems that the histiocyte activators 
were more effective in promoting fetal development 
(24.6% increase of  fetal body weight) than the vasodi-
lators. Although the effect of  the histiocyte activators 
was not as marked as that of  vasodilators in increasing 
uteroplacental blood flow, the amino acid concentration 
of  fetal plasma increased more after histiocyte activator 
treatment than vasodilator treatment. This suggests that 
vasodilators could be used to treat the IUGR caused by 
vasospasm. Histiocyte activators appear to be better than 
vasodilators in increasing the nutrient transportation of  
the placenta[24].

IUGR AND GENE APPROACHES
Although the human genome contains about 30 000 
genes only a small number of  them are turned on within 
a particular tissue type. Cell proliferation and differentia-
tion results from the ability of  tissues to express different 
genes from the same basic set of  genetic information 
stored in DNA. This small subset of  genes allows the 
cells to produce proteins unique to their functions. Al-
though gene expression is controlled by epigenetic modi-
fications, the gene sequence obviously plays the most 
important role in the proliferation and differentiation of  
cells. 

IUGR and growth factor genes
Several studies have demonstrated altered concentra-
tions of  human placental growth hormones (hPGH), 
insulin-like growth factor-I (IGF-I) and IGF banding 
protein (IGFBPs) in the maternal circulation and the fetal 
compartment in pregnancies with IUGR[25,26]. Koutsaki, 
evaluating the expression status of  the hPGH, the IGF-I, 
IGFBP-1 and IGFBP-3 genes in placentas from human 
IUGR pregnancies of  no apparent etiology, found that 
hPGH, IGF-I, IGFBP-1 and IGFBP-3 expression was 
significantly lower than that in placentas showing normal 
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fetal growth. However, these alterations are not known 
causative factors of  IUGR or associated with other 
pathogenetic mechanisms[27].

Type I insulin-like growth factor receptor (IGF-IR) 
is widely expressed across many cell types in fetal and 
postnatal tissues. The activation of  this receptor, after 
the binding of  secreted IGF-I and IGF-IR promotes cell 
differentiation and proliferation. An association has been 
found between IGF-IR gene mutations and low birth 
weight[28]. IGF-IR gene anomalies such as heterozygous 
IGF-IR mutation or insufficiency of  the IGF-IR gene 
were found in patients presenting with low birth weight 
and birth height[29,30]. This phenotype is associated with 
family history of  low birth weight and a normal or in-
creased IGF-I level and/or a normal or increased GH 
response to GH stimulation test[31,32]. However, such pa-
tients show less response to GH treatment than common 
small for gestational age short-stature patients[33]. 

Choi et al[34] reported a family with both a novel het-
erozygous mutation of  the IGF-1R gene and a segmen-
tal deletion encompassing the entire IGF-1R, resulting 
in IGF-I resistance and leading to IUGR and postnatal 
growth failure. In vitro studies of  fibroblasts from sub-
jects carrying the gene clearly demonstrated reduced 
IGF-1R expression and subsequent IGF-I resistance, as 
assessed by IGF-1R phosphorylation and post-receptor 
signal transduction. This indicates that IGF-1R muta-
tions should be considered in the differential diagnosis 
of  familial IUGR patients with persistent short stature[34]. 
Umbers found that material inflammation of  the placenta 
could disturb the IGF expression and cause IUGR[35].

Experiments in animals demonstrated the importance 
of  IGF in the regulation of  both intrauterine and post-
natal growth. Baker reported that isolated inactivation of  
IGF-I resulted in restrictions in fetal development (40% 
delay compared with wild type mice) and Liu found that 
postnatal growth was further impaired, reaching only 30% 
of  that in normal mice[36,37]. Knockout of  both IGF-I and 
IGF-II or knockout of  both IGF-II and IGF-I receptors 
resulted in severe growth retardation (Figure 1)[38]. These 
experiments clearly demonstrated that IGF-I is a major 
regulator of  both pre- and postnatal growth. Several au-
thors reporting IGF-IR gene mutations observed effects 
on birth weight, height, serum IGF-I and additional com-
plications (Table 1).

IUGR and angiotensinogen gene
IUGR has been associated with insufficient placental 
circulation, which may result from failed maternal physi-
ologic changes such as abnormal spiral artery remodeling 
and reduced maternal blood volume. Morgan reported 
that spiral artery remodeling might be related to the 
angiotensinogen gene[39]. We compared maternal blood 
DNA in 174 patients with IUGR, 62 patients with pla-
cental abruption, and 60 patients with both preeclampsia 
compared with a control group comprising 400 consecu-
tive cases of  women with term pregnancies and infants 
with birth weight between the 5th and 95th percentiles. 

We also examined 162 DNA samples from fetal blood 
with IUGR and 240 normal fetuses from control group 
for the Thr235 polymorphism[40] (Tables 2 and 3). 

According to the AGT genotyping results using real 
time PCR, angiotensinogen genotypes were divided into 
three groups: MM (homozygous for angiotensinogen 
Met235 allele), TT (homozygous for angiotensinogen 
Thr235 allele), and MT (heterozygous). It has been 
demonstrated that maternal and fetal angiotensinogen 
Thr235 genotypes are associated with an increased risk 
of  IUGR[40]. The angiotensinogen Thr235 allele may 
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Figure 1  Effects of disruption of the insulin-like growth factor system on 
fetal growth in mice, expressed as a percentage of normal body weight[38]. 
IGF: Insulin-like growth factor.

Table 1  IGF-I  receptor mutations

Gene mutation Birth 
weight (SD)

Birth 
height (SD)

Complications

Arg108Gln/
Lys115Asn

-3.5 -4.8 Microcephaly, abnormal 
speech[29]

Arg59Ter -3.5 -3.0 Microcephaly, Delay in 
speech[29]

Arg709Gln -1.5 -2.6 Mental retardation[28]

Gly1050Lys -2.1 -4.0 Insulin resistance[32]

Arg281Gln -3.1 -5.0 Decreased cell 
proliferation[31]

Val599Glu -2.3 -2.1 Developmental delay[33]

Gly1125Ala -1.8 -3.6 Microcephaly, clinodactyly, 
delayed menarche, diabetes 
mellitus[30]

Table 2  Maternal AGT Thr235 genotypes[40]

Groups No. Genotype P  value

MM (%) MT (%) TT (%)

Control 400 170 (42.5) 158 (39.5) 72 (18.0)
IUGR 174   33 (19.0)   66 (37.9) 75 (43.1) < 0.001
Preeclampsia + 
IUGR

  60   11 (18.3)   24 (40.0) 25 (41.7) < 0.001

Placental 
abruption

  62     9 (14.5)   27 (43.5) 26 (41.9) < 0.001

IUGR: Intrauterine growth restriction.
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Figure 2  Real-time polymerase chain reaction for angiotensinogen M235T genotyping with a single labeled fluorescein probe[42]. A: 5’-fluorescein-labeled 
23-mer (blocked at the 3’-end with phosphate) homologous to the wild-type sequence, covered the polymorphic site with the fluorescein opposite two genes; B: The 
probe was included in the PCR amplification mixture with primers. Melting curve data are presented as fluorescein vs temperature; C: Curves for homozygous wild 
type (peak at 69.4oC), homozygous mutant type (peak at 63.54oC), heterozygous (two peaks at 63.54oC and 69.44oC respectively) and no-template control are 
shown; D: Placental cross section HE staining from AGT MM, MT, and TT placentas. Quantitative analysis of the placenta indicated that the villus area (red) and capil-
lary area (bright red) in smoking-induced intrauterine growth restriction were significantly decreased.

predispose women to deliver growth-restricted fetuses. 
Further studies have shown that mutation of  angioten-
sinogen gene Thr235 is also a risk factor for preeclampsia 

and placental abruption[41] (Table 2). In addition, quantita-
tive analysis of  the placenta indicated that the villus area 
was decreased significantly in the IUGR group induced 
by smoking exposure. The capillary area in the villus was 
also significantly less in IUGR groups. There were also 
some important changes observed under the electronic 
microscope, such as the retardation and reduced number 
of  microvilli, fatty degeneration and mitochondrial swell-
ing of  the syncytial cells[42]. Studies on human placenta 
showed that villus volume and capillary area in IUGR 
were significantly decreased (Figure 2 and Table 4).

Other gene mutations
It has been reported in many publications that certain 
gene mutations are associated with IUGR (Table 3). 
Pericentric inversion of  chromosome 6 causes haplo-
insufficiency of  the CDK19 gene resulting in micro-
cephaly, congenital bilateral falciform retinal folds, nys-
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Table 3  AGT Thr235 alleles frequencies analysis[40]

Groups AGT genotype T Allele 
Freq.

P  value

Met235 
alleles

Thr235 
alleles

Maternal DNA
   Control (400) 498 302 0.378
   IUGR (174) 140 208 0.598 < 0.001
Preeclampsia + IUGR (60)   44   76 0.633 < 0.001
   Placental abruption (62)   45   79 0.637 < 0.001
Fetal DNA
   Control (240) 298 182 0.379
   IUGR (160) 131 189 0.591 < 0.001

IUGR: Intrauterine growth restriction.
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tagmus, and mental retardation[9]. Chromosome 1p32-
p31-deletion syndrome and haplo-insufficiency of  the 
NFIA gene may present as ventriculomegaly, corpus 
callosum hypogenesis, abnormal external genitalia, and 
IUGR in the third trimester[10]. Smigiel reported on 
two brothers affected with restrictive dermopathy, who 
died in the neonatal period[43]. Molecular analyses were 
performed in the second child, for whom biological 
material was available, and on both parents. Compound 
heterozygous frameshifting mutations were identified in 
exon 1 (c.50delA) and exon 5 (c.584_585delAT) of  the 
ZMPSTE24 gene. The autosomal recessive inheritance 
was confirmed by genomic analysis of  the parents. Par-
tial loss of  Ascl2 function affects all three layers of  the 
mature placenta and causes IUGR[44]. The expression of  
c-fos is critical in the oxidative stress pathway. In fetal al-
cohol syndrome in mouse, it was shown that alcohol ad-
ministration during pregnancy results in differential gene 
expression in the stress signal pathway, particularly in c-fos. 
C-fos expression in the decidua increases from 6 to 24 h 
after alcohol injection, but does not change in the em-
bryo, which may contribute to alcohol-induced damage 
in fetal alcohol syndrome (Table 5)[45].

Epigenetics of fetal growth
Mechanisms leading to the attenuation of  fetal birth 
weight and adverse pregnancy outcomes are complex. 
Many studies have begun to focus, not only on the 
contribution of  maternal and fetal genes to phenotypic 
outcome, but also on epigenetic changes associated with 
fetal growth[46].

Imprinted genes have a central role in the develop-
ment and function of  the placenta and have been implicat-
ed in a variety of  disorders affecting fetal growth[14-16,47,48]. 
Gene inactivation studies in mice and chromosomal rear-
rangements in humans have demonstrated that many of  

these imprinted genes play key roles in placental develop-
ment and function as well as in fetal growth. Those stud-
ies have also demonstrated that imprinted genes act in a 
complex manner at many levels to affect the energy bal-
ance between the mother and fetus. More recent studies 
also support a role of  imprinted genes in a compensatory 
response to reduced fetal growth in humans.

During early embryonic development, the first stage 
of  embryo differentiation establishes two cell lineages. 
These are the inner cell mass that forms all the tissues 
of  the adult, and the trophectoderm that eventually pro-
duces placental structures. Generally speaking, the inner 
cell mass becomes gene hypermethylated and the troph-
ectoderm becomes gene hypomethylated. These meth-
ylation patterns may be preserved throughout the whole 
pregnancy period[49,50]. Mouse and human models suggest 
the epigenetic regulation of  fetal growth may also play a 
significant role through the placental imprinted genes.

Lambertini et al[48] investigated the differential meth-
ylation status of  the imprinted genome to gain insights 
into the importance of  the epigenetic regulation of  these 
genes in fetal development by comparing IUGR with 
normal placentas. They found that differential methyla-
tion showed a highly significant correlation with gene 
length. The data also suggests that differential meth-
ylation changes in growth-restricted placentas occur 
throughout the genomic regions encompassing genes 
actively expressed in the placenta. Kumar studied 11 IGF 
related genes and found upregulated ZNF127 gene ex-
pression and down regulated PHLDA2 gene expression. 
This change confirmed an increased placental expression 
of  growth-promoting imprinted genes and decreased 
expression of  growth-suppressive imprinted genes with 
advancing gestational age. These changes in placental 
gene expression could potentially explain accelerated fetal 
growth seen in the third trimester[51]. McMinn presented 
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Table 4  AGT genotype and placental findings[42]

AGT genotype MM MT TT

No. of placentas 8 13 14
Clinical findings
   Maternal age (yr) 26.0 ± 4.7   26.6 ± 6.6 29.8 ± 6.5
   Gestational age (wk) 36.2 ± 4.5   36.6 ± 1.9 36.7 ± 3.1
   Fetal birth wt. (g) 2730 ± 967   2642 ± 541 2620 ± 535
Placental quantitative findings:
   Number of villi (mm2) 155.3 ± 14.1   145.8 ± 28.0 146.3 ± 27.7
   Villous CS area (μm2/villous) 4422.2 ± 550.0   4400.9 ± 813.5   4248.6 ± 1191.9
   Villous volume/1 cm3 placenta (cm3)   0.668 ± 0.034      0.626 ± 0.022b      0.587 ± 0.059b,c

   Capillary volume/1 cm3 placenta (cm3)   0.131 ± 0.029     0.107 ± 0.034    0.070 ± 0.030b

Intervillous volume/1 cm3 placenta (cm3)   0.332 ± 0.034      0.374 ± 0.022b      0.413 ± 0.059b,c

Placental quantitative analysis:
   Volume of trimmed placenta (cm3)   324.8 ± 128.0   355.2 ± 80.3 374.1 ± 70.2
   Villous total volume per placenta (cm3) 215.8 ± 81.8   222.1 ± 50.7 219.9 ± 52.6
Intervillous space per placenta (cm3) 108.9 ± 47.8   133.1 ± 31.1  154.2 ± 38.6a

   Villous capillary volume per placenta (cm3)   45.1 ± 27.4     41.4 ± 23.2    26.6 ± 14.4a

   Percentage of villous capillary volume (%) 19.81 ± 5.12 17.41 ± 7.3  12.06 ± 5.45a

   Villous surface area per placenta (m2)   9.029 ± 3.285     9.560 ± 2.031 10.370 ± 2.725
   Villous surface per 1 g plac. Villi (cm2) 390.6 ± 35.0   401.6 ± 40.5 438.6 ± 73.8

aP < 0.05, bP < 0.01 vs MM; cP < 0.05 vs MT.
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an excellent example of  the complexity of  the imprint 
gene in placenta[52]. He showed that a small group of  im-
printed genes (PHLDA2, MEST, MEG3, GATM, GNAS 
and PLAGL1) and an additional 400 genes were affected 
in IUGR placentas. 

Many studies have reported changes in imprinted gene 
expression and methylation levels in response to IUGR. 
These include reports of  abnormal methylation in multi-
ple imprinted loci[16], IUGR placental methylation decrease 
in the IGF2/H19 locus[53], and differential expression in 
multiple imprinted genes in IUGR placentas[54].

PROBLEMS AND FUTURE DIRECTION 
IUGR animal models and clinical IUGR
IUGR animal models have been established by several 
methods. Most of  the methods affect nutrients, placental 
function, or maternal fetal circulation although some may 
affect gene expression. These IUGR models have pro-
vided valuable simulations allowing study human IUGR, 
especially the IUGR resulting from nutritional factors, 
placental function, or toxic materials. However, no animal 
IUGR model induced by gene mutation or altered gene 
expression, simulating human IUGR related to specific 
genes has been reported. To date, the development of  
gene engineering and transgenic techniques have made it 
possible to produce specific gene mutation/expression 
altered IUGR animal models. This kind of  animal model 

will provide a direct and definite method to study the 
specific genes involved in IUGR.

Single gene study and many genes related to IUGR
A concern of  the present studies is that only limited 
numbers of  genes have been studied among the thou-
sands genes that are expressed in placenta, while many 
genes are in fact associated with fetal growth. Evalua-
tion of  their important roles in fetal growth still requires 
the accumulation of  multiple collections of  data on the 
mutation, phenotype, epigenetics, and metabolomics as-
sociated with fetal growth characteristics. Specifically, the 
pathways involved in the mutation or epigenetics result-
ing in IUGR phenotype are mostly unknown. Basic study 
of  the pathways involving these genes may help us to 
understand why and how the phenomenon occurs at the 
molecular level. 

Role of genes in IUGR
Although it seems simple to define the diagnosis of  
IUGR as an estimated fetal weight falling below the 10th 
percentile of  normal body weight, that definition also 
captures births that are part of  the normal variation in a 
population. Clinical diagnostic criteria are based on the 
fetal growth curve and umbilical blood velocity abnor-
malities. However, IUGR is still an extremely complex 
phenotype to dissect because of  the many factors in-
volved, maternal, fetal, placental, and environmental. Al-
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Table 5  Gene and fetal growth

Gene Gene mutation/expression Phneotypic effects/complications

CDK19 Chromosome breakpoints in 6p12.1 and 
6q21

Microcephaly, congenital bilateral falciform retinal folds, nystagmus, and 
mental retardation[9]

NFIA Chromosome 1p32-p31 deletion syndrome Ventriculomegaly, corpus callosum hypogenesis, abnormal external 
genitalia, and intrauterine growth restriction in the third trimester[44]

IGF1R Novel c.420del mutation in exon 2 of the 
IGF1R gene

Reduced IGF1R expression and represents haploinsufficiency of the IGF1R 
gene. IUGR and neonatal growth retardation[10]

hPGH, IGF-I, IGFBP-1 Decreased expression Decreased expression is associated with IUGR[27]

c-fos Decreased expression Fetal alcohol syndrome[45]

11b-HSD2 Glucocorticoid metabolism Under expression cause IUGR, small placenta[55]

GSTP1 Glutathione transferase enzymes pathway Fetal growth and neonatal growth[56]

ZMPSTE24 Fetal growth IUGR, dermopathy, neonatal death[43]

Ascl2 Placenta development Three layers malformation, IUGR[44]

TFRC Transferrin receptor function IUGR[13]

DIO3 Type 3 deiodinase Highly expressed in placenta and fetus. IUGR and hypothyroidism[47]

DLK1 Growth promoter Expressed in placental villi. Methylation defects associated with IUGR[16]

HYMAI Non-coding RNA Transient neonatal diabetes and IUGR[57]

IGF2 Growth Factor Placental and fetal growth restriction[58]

KCNQ1OT1 Non-coding RNA Control placental Kcnq1 domain. Involved in Beckwith-Wiedemann 
syndrome[59]

MAGEL2/NDNL1 Similarity to NDN Neonatal growth retardation, alter metabolism[60]

MEST Neuronal differentiation Fetal growth restriction, smaller placentas[52]

PEG10 Retrotransposon-derivedgene Severe growth retardation, absence of spongiotrophoblast layer, embryonic 
lethality[61]

PEG3 Inhibits WNT-signalling Placental and fetal growth restriction and abnormal maternal behavior[62]

PLAGL1 Zac1 Tumor suppressor Skeletal defects, neonatal lethality, IUGR, and disrupted transactivation of 
Igf2[63]

SFRP2 WNT signaling Reduction in vitro of extra villous trophoblast invasion[64]

HBII-85/PWScr C/D Box small RNA Implicated in Prader Willi, Postnatal growth retardation[65]

IUGR: Intrauterine growth restriction.
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most all recent gene expression studies are based on small 
number of  samples. It is unrealistic to expect to find 
one or a few genes responsible for causing IUGR using 
this approach. Most gene expression studies have found 
genes that are dysregulated in IUGR. In addition, most 
of  these genes, such as IGF-I, IGFBP1, corticotropin-re-
leasing hormone, are reported to be related to the regula-
tion of  cell division and proliferation. We are still unable 
to to determine whether this is a compensatory response 
to restricted fetal restricted growth or a the factors which 
induces fetal growth restriction. The use of  transgenic 
engineering technique in animals to study some specific 
gene may provide an ideal model to study the phenotype 
related to these genes in human clinical subjects.

Gene promoting and IUGR
Some specific imprinted genes are related to IUGR. 
These genes can be separated into two categories: genes 
participating in reducing fetal growth, and those which 
increase fetal growth as a compensatory response when it 
is sensed that the fetus is at risk. The evidence supporting 
mutations in imprinted genes that negatively influence 
fetal growth is summarized in the table and genes which 
the positively influence fetal growth are also indicated. 
We may expect that reducing expression of  the negative 
genes and increase the expression of  the positive genes 
would result in fetal growth. However, there is still a long 
way to go from basic animal model studies to reach clini-
cal applications using gene-regulating techniques.
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Abstract
Several studies report an increase in both male and 
female factors in infertility worldwide. In recent years 
there has been a tremendous increase in couples seek-
ing assisted reproductive technology (ART) procedures 
in order to have children. However, the success rates of 
these procedures still remain very low. One of the major 
contributing factors to the low success rate in ART has 
been the damage caused by free radicals to the gam-
etes and the developing embryo. The manipulation of 
gametes and embryos in an in vitro  environment when 
performing assisted reproductive techniques carries 
the risk of exposure of these cells to supraphysiological 
levels of free radicals; namely, reactive oxygen species 
(ROS) and reactive nitrogen species. Oxidative stress 
can originate from the early steps of ART involving the 
oocyte, sperm and embryo, as well as in the endome-
trial environment later on following embryo transfer. 
The common sources of free radicals in an in vitro  fer-
tilization setting include the developing embryo, sper-
matozoa and leukocytes, semen centrifugation, oxygen 
partial pressure, light, culture media and cryopreserva-
tion/thawing. These free radicals are measured using 
different techniques, such as the cytochrome C reduc-
tion method and chemiluminescence-based techniques. 
Different efforts are being employed to minimize the 

excess generation of free radicals in the ART setting, 
with the aim of improving the success rate, and antioxi-
dant supplementation has emerged as one of the viable 
routes. Moreover, it is very important to inform ART 
personnel about the sources of ROS in the laboratory 
so that they can stop the use of procedures that are 
deleterious and start to use safer procedures. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
The presence of  oxidant and antioxidant systems in vari-
ous reproductive tissues has evoked great interest in the 
role of  oxidative stress (OS) in human reproduction. OS 
is defined as an elevation of  levels of  various reactive 
oxygen species (ROS) that exceeds the body’s antioxidant 
defenses[1]. It is generally accepted that an in vitro setup can 
never mimic the exact physiological conditions of  an in 
vivo system. Multiple factors impinge on an in vitro fertiliza-
tion (IVF) setting, leading to an increase in OS and sub-
optimal assisted reproductive technology (ART) outcome. 

ROS are oxygen-derived molecules that act as power-
ful oxidants. Some of  the ROS members, such as super-
oxide (O2

.-), hydrogen peroxide (H2O2) and the hydroxyl 
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radical (OH-) (Figure 1), are formed as intermediary 
products in low concentrations in the male and female 
genital tracts[2]. ROS has the ability to react with any mol-
ecule and modify it oxidatively, resulting in structural and 
functional alterations[3]. They need to be neutralized by an 
elaborate defense system consisting of  enzymes, such as 
catalase, superoxide dismutase and glutathione peroxidase 
or reductase, and numerous non-enzymatic antioxidants, 
such as vitamin C, vitamin E, vitamin A, pyruvate, gluta-
thione, taurine and hypotaurine[4]. 

The effects of  OS in an ART setting may be ampli-
fied due to the lack of  physiological defense mechanisms 
available and the number of  potential sources of  ROS at 
play. Sperm damage induced by OS includes membrane 
and DNA damage. The use in ART of  spermatozoa that 
have been damaged may result in altered oocyte and/or 
embryo development. 

ROS can be produced either intracellularly, originat-
ing from gametes, or extracellularly, from environmental 
factors. A potential source of  ROS in the ART media is 
its generation during preparation of  semen due to the 
activation of  ROS production by immature spermatozoa 
by centrifugation, the absence of  the antioxidant-rich 
seminal plasma, or contamination by leukocytes. Similarly, 
oocytes and embryos contribute to the increase in ROS 
levels because of  their metabolism and the lack of  the 
protective antioxidant mechanisms present in their natu-
ral habitat[5,6]. The external environment surrounding the 
ART procedure also plays an important role in the devel-
opment of  OS. The most important external factor that 
may affect gamete and embryo viability in vitro is oxygen 
partial pressure (pO2). Cells cultured in vitro are exposed 
to a relatively hypertoxic environment compared with the 
in vivo conditions. In addition to pO2, other physicochem-
ical environmental factors such as temperature variation 
may also affect gamete and embryo development in vitro. 
Therefore, the external environment in the ART proce-
dure can be a potential source of  OS. Recently, studies 
have indicated the upper control limit of  ROS in follicu-
lar fluid beyond which viable embryo formation is not 
favorable[7], as well as cut-off  values for predicting semen 
quality and fertilization outcome[8].

Reactive nitrogen species such as nitric oxide (NO) 
have also been shown to play a role in reproduction. The 
production of  NO is catalyzed by a family of  NO syn-
thase (NOS) enzymes[9]. NOS is responsible for the con-
version of  l-arginine to NO and l-citrulline[10]. Two NOS 
types have been identified in human spermatozoa: NOS, 
similar to the constitutively expressed brain neuronal NOS, 
and endothelial NOS[11]. The ability of  human spermato-
zoa to synthesize NO has been demonstrated indirectly 
by measuring nitrite accumulation[12] and l-[3H] citrulline 
generation[13], or directly by means of  an NO meter[11] and 
fluorescence activated cell sorting (FACS) analysis[14]. 

In vitro studies have shown contrasting results of  ex-
ogenous NO yield on human sperm function, depending 
on the concentrations applied[15]. It has been reported 
that lower concentrations of  NO are beneficial to human 

sperm function, whereas higher concentrations become 
detrimental[16]. This review is aimed at discussing sources 
of  free radicals in an IVF setting and how to minimize 
their generation.

SOURCES OF FREE RADICALS IN AN IVF 
SETTING
Developing embryo
Like any other living aerobic cells, the developing embryo 
and the oocyte could be a major source of  ROS because 
they use oxygen to produce energy through mitochondrial 
oxidative phosphorylation. This ROS is produced through 
several pathways, such as oxidative phosphorylation, nico-
tinamide adenine dinucleotide phosphate oxidase and xan-
thine oxidase systems[17]. Studies have reported that ROS 
production is increased in embryos cultured in vitro com-
pared with those in vivo[5]. It is therefore recommended 
that embryo culture media should be supplemented with 
antioxidants that can scavenge the excess ROS that is gen-
erated by the developing embryo. 

Spermatozoa and leukocytes
Spermatozoa and other cells in semen are huge sources 
of  ROS. Morphologically abnormal and immature sper-
matozoa, together with the presence of  leukocytes, can 
generate ROS in human ejaculates. The sperm generate 
ROS at the level of  plasma membrane and mitochon-
dria[18]. Studies have shown that human spermatozoa gen-
erate O2

.-, which spontaneously dismutates to H2O2
[19]. 

In the male genital tract and the ejaculate, ROS are 
not only derived from the spermatozoa but can also be 
generated by leukocytes, which physiologically produce 
up to 1000 times more ROS than spermatozoa[20,21]. This 
high ROS production by leukocytes plays a major role 
in infections, inflammation and cellular defense mecha-
nisms. Basically, the cellular mechanisms for the genera-
tion of  ROS in leukocytes and spermatozoa are the same, 
yet in leukocytes it is a physiological necessity to release 
large amounts of  superoxide into phagocytic vesicles 
during the killing action of  pathogens.

Considering the extraordinary high content of  poly-
unsaturated fatty acids in their membrane, the sperm 
plasma membrane is particularly susceptible to OS and 
the double bonds of  the membrane lipids can easily be 
oxidized by excessive ROS levels present in the sperm 
cells’ environment. These can either be produced in large 
amounts by leukocytes or the spermatozoa themselves. In 
the case of  ROS attacking the plasma membrane lipids, 
a process called “lipid peroxidation” (LPO) is initiated. 
Ultimately, this process decreases membrane fluidity of  
both plasma and organelle membranes and, as a result, 
damages membrane function, ion gradients, receptor-me-
diated signal transduction, etc.[22]. Hence, with the loss of  
membrane function, spermatozoa lose the ability to func-
tion properly and therefore fertilization is impaired[23]. 

It is therefore advisable that patients with high leu-
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kocyte levels in their ejaculate (leukocytospermia) must 
have their spermatozoa quickly separated from the leuko-
cytes to avoid ROS damage due to leukocyte activation. 
Supplementation with scavengers would also help to 
minimize OS. 

Semen centrifugation
The removal of  sperm from the seminal fluid is a very 
important step in the processing of  semen during assisted 
reproductive procedures. Most sperm processing tech-
niques employ the use of  centrifugation to separate motile 
sperm from non-motile or dead sperm, as well as other 
contaminating cell debris[24]. However, sperm processing 
techniques that employ the use of  centrifugation have 
their own disadvantages. Studies have shown that sperm 
preparation, processing and handling lead to increased 
free radical generation[25]. We have also shown in our pre-
vious study that centrifuging spermatozoa for more than 
10 min led to an increase in ROS generation[26]. On the 
other hand, we demonstrated that 10 min of  sperm cen-
trifugation also increased NO generation, whereas 30 min 
of  centrifugation led to a decrease in NO generation. The 
decrease in NO generation after 30 min of  centrifugation 
was probably due to NOS enzyme down-regulation or 
loss. Alternatively, it could be that NO reacted with other 
members of  the ROS family such as O2

- to form per-
oxynitrite anion (ONOO-) since NO has been shown to 
possess antioxidant abilities[27]. 

It is therefore recommended that sperm separation 
techniques should avoid using centrifugation or pro-
longed centrifugation in assisted reproductive technolo-
gies. The addition of  ROS scavengers prior to centrifuga-
tion could also help in reducing free radical generation 
and therefore improving sperm recovery. 

Oxygen partial pressure
The pO2 in the laboratory environment is very different 
from that of  the in vivo condition. It is higher in the in vitro 
laboratory setting; thus the higher pO2 activates various 
oxidase enzyme systems in the cells and contributes to in-
creased ROS generation[28]. Gametes and the media in the 
IVF setting should therefore not be exposed to high pO2 
to prevent excess ROS generation. 

Light 
Visible light has been reported to be another contribu-
tor that leads to increased ROS generation. Light induces 
photodynamic stress, leading to oxidative damage of  
unsaturated lipids and sterols within the membranes[29]. 
Studies have shown that exposing mouse embryos to 
transient visible light led to an increase in the generation 
of  H2O2

[5]. Therefore, gametes meant for use during as-
sisted reproduction should not be exposed to direct light 
to avoid excess generation of  free radicals. 

Culture media
Different types of  culture media are used in ART labo-
ratories. These media have different ingredients which 
can lead to ROS generation. In some culture media there 
are metallic ions such as Fe2+ and Cu2+ which have the 
potential of  accelerating ROS generation within the cell 
by participating in Fenton and Haber-Weiss reactions[17]. 
Furthermore, media additives such as serum albumin 
contain high levels of  amine oxidase which leads to an 
increase in H2O2 production[30]. 

It is therefore recommended that culture media used 
in IVF settings should be supplemented with antioxi-
dants. Antioxidants such as urate, isoflavones, ascorbic 
acid, taurine, hypotaurine, genistein and α-tocopherol 
can be used as culture media supplements to minimize 
the risk of  OS and damage it causes to the gametes[4,31]. 
Vitamin E supplementation has also been shown to pro-
tect gametes from the LPO[32]. In order to prevent ROS 
generation by metallic ions found in culture media, metal 
chelators can be added to the media. 

Cryopreservation-thawing
Many studies have reported that cryopreservation en-
hances LPO through ROS induced membrane lipid dam-
age[33]. Cryopreserved sperm has been reported to be 
susceptible to ROS insults since they tend to lose their 
antioxidant defenses[34]. It is therefore recommended that 
improved cryopreservation protocols that optimize the 
use of  cryoprotectants should be used to improve the 
quality of  cryopreserved gametes. 

MEASURING FREE RADICALS
There are different techniques that are employed to 
measure free radicals. An ideal assay for ROS detection 
should be sufficiently sensitive to ensure that measure-
ments are within the linear range of  the assay and well 
above the limits of  detection. Preferably, it should be 
specific for one ROS, at least in physiological/pathophys-
iological concentrations. Its signal should be substantially 
inhibited by a specific scavenger of  the ROS in question. 
It should be robust; that is, applicable to a wide variety of  
experimental conditions and comparable between these 
applications. However, ROS production can be highly 
localized and therefore most assays will not be able to de-
tect ROS in all of  the subcellular locations and extracel-
lularly. Furthermore, the concentration of  ROS at the site 
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of  production could be extremely high and this almost 
certainly will not be reflected by measurements obtained 
in intact tissues, cells or in the media in which tissues are 
incubated. Finally, it is very unlikely that any probe will 
react with all of  the ROS produced, meaning that any as-
say cannot be viewed as completely quantitative. 

Cytochrome C reduction
Oxygen is a diradical, possessing two unpaired electrons. 
When oxygen gains an additional electron, O2

·- is formed. 
Superoxide is generally considered an oxidant because in 
most cases it extracts an electron from another molecule, 
leading to formation of  H2O2. For other molecules with 
higher electron potentials, O2

·- actually donates its extra 
electron. This is the case for ferricytochrome c, which is 
reduced to ferrocytochrome c by receiving an electron 
from O2

·-. When ferricytochrome c is reduced, its spec-
trophotometric absorbance is altered in a very specific 
fashion. Absorbance at 550 nm is increased, whereas 
absorption at 540 and 560 nm remain unaltered and can 
serve as an isosbestic point. Unfortunately, ferricyto-
chrome c can be directly reduced by electrons donated 
from enzymes and other molecules, so this change in ab-
sorbance is not specific for O2

·-. For this reason, the assay 
must be performed in the presence and absence of  SOD 
and only the SOD-inhibitable signal used to calculate the 
amount of  O2

·- formed. 

Procedure: For measurement of  O2
·-, it is necessary to di-

vide the cells in two aliquots of  equal concentrations. Cells 
are placed in a buffer composed of  (mmol/L): NaCl, 145; 
KCl, 4.86; NaH2PO4, 5.7; CaCl2, 0.54; MgSO4, 1.22; glu-
cose, 5.5; deferoxamine mesylate, 0.1; and 50 μmol/L of  
acetylated ferricytochrome c. Another aliquot of  cells is 
added to a similar buffer containing manganese superox-
ide dismutase (100 U/mL). The cells are incubated in a 
96-well plate to minimize the volume and thus maximize 
the concentration of  O2

·- released from the cells exposed 
to ferricytochrome c. Acetylation of  cytochrome c im-
proves quantification and specificity for O2

·- because it 
strongly inhibits direct enzymatic reduction, improves 
stability of  the reduced cytochrome c, and has minimal 
effects on reaction with O2

·-[35,36]. To further ensure that 
any reduced ferricytochrome c is not reoxidized, catalase 
(125 U/mL) is added to the reaction, which removes any 
H2O2 formed. The cells are incubated in these reaction 
mixtures for 30 min at 37 ℃. The cells are then removed 
and the buffer absorbances measured at 540, 550 and 
560 nm using a 96-well plate reader. 

Chemiluminescence-based techniques
On exposure to O2

·-, chemiluminescent probes release a 
photon, which in turn can be detected by a scintillation 
counter or a luminometer. Because most of  these com-
pounds are cell permeable, the O2

·- measured reflects extra-
cellular, as well as intracellular, O2

·- production. The most 
commonly used chemiluminescence technique for measure-
ment of  O2

·- is lucigenin-enhanced chemiluminescence. 

Procedure: For the assay, a Krebs/HEPES buffer con-
taining 5 μmol/lucigenin is prepared. It has been found 
that the results are most consistent if  this buffer is “dark 
adapted.” The buffer is placed in either a luminometer or 
scintillation counter set to the out-of-coincidence mode 
and incubated until background counts have stabilized. 
The cells are then added to the reaction vial and, af-
ter 15 min of  equilibration, counts are obtained every 
minute for the next 5 min and averaged. Counts can be 
expressed as chemiluminescence units. 

This method has been widely used and an enormous 
amount of  new information has been gained from its 
use. It is reasonably specific for O2

·- and one does not 
need to routinely prepare a second sample with SOD to 
prove that the signal is derived from O2

·-. If  one chooses 
to use an O2

·- scavenger, it should be kept in mind that 
lucigenin penetrates cells and therefore unmodified SOD, 
which is not cell permeable, will not reduce the lucigenin 
signal completely (usually ≤ 50%). The assay is also in-
expensive and can be performed using equipment that is 
commonly available. 

Detection of intracellular H2O2 with DCF-DA 
One of  the most commonly used probes for the detec-
tion of  intracellular ROS formation is 2’7’-dichlorofluo-
rescein diacetate (DCFH-DA)[37-39]. DCFH-DA is cell 
permeable and after uptake it is cleaved by intracellular 
esterases to 2’,7’-dichlorofluorescin (DCFH), trapped 
within the cells and oxidized to the fluorescent molecule 
2’,7’-dichlorofluorescein (DCF) by a variety of  ROS[40]. 
DCFH-DA is considered a general indicator of  ROS, re-
acting with H2O2, ONOO-, lipid hydroperoxides and, to 
a lesser extent, O2

·-. Because H2O2 is a secondary product 
of  O2

·-, DCF fluorescence has been used to implicate O2
·- 

production. 

Procedure: For in situ localization of  H2O2, cells are incu-
bated with DCFH-DA (5 μmol/L; Molecular Probes)[41] 
for 30 min at 37 ℃[42]. H2O2 detection is confirmed by 
simultaneously treating replicate cells with polyethylene 
glycol-catalase (350 U/mL). Cells incubated with vehicle 
can serve as negative controls. All of  the images are ac-
quired at identical settings. DCFH-DA fluorescence can 
also be measured using fluorescence-activated cell sorter 
analysis. A Becton Dickinson FACSCalibur™ analyzer can 
be used to quantify fluorescence at a single cell level and 
data analyzed by using CellQuest™. In each sample, the 
mean fluorescence intensity of  the analyzed cells is de-
termined after prior gating the cell population by forward 
and side light scatter signals, as recorded on the dot plot 
(Figure 2). In total, 100 000 events can be acquired but 
non-sperm particles and debris (located on the bottom 
left corner of  the dot plot) are excluded by prior gating, 
thereby limiting undesired effects on overall fluorescence. 
The fluorescence signals are recorded on a frequency his-
togram (Figure 3A and B) using logarithmic amplification. 
Fluorescence data is expressed as mean fluorescence (per-
centage of  control, control adjusted to 100%). 
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Detection of extracellular H2O2 with Amplex Red 
The Amplex Red assay involves measurement of  H2O2 
by the horseradish peroxidase–catalyzed oxidation of  
the colorless and nonfluorescent molecule N-acetyl-3,7-
dihydroxyphenoxazine (Amplex Red) to resorufin, which, 
when excited at 530 nm, strongly emits light at 590 nm[43]. 

Procedure: The cells are placed in the well of  a 96-well 
plate and incubated with Amplex Red (10 μmol/L) and 
horseradish peroxidase (0.2 U/mL) for 60 min at 37 ℃ in 

Krebs Ringer’s phosphate glucose buffer (145 mmol/L of  
NaCl, 5.7 mmol/L of  sodium phosphate, 4.86 mmol/L 
of  KCl, 0.54 mmol/L of  CaCl2, 1.22 mmol/L of  MgSO4 
and 5.5 mmol/L of  glucose) protected from light. The 
cells are removed from the buffer and the buffer’s fluo-
rescence is detected at 590 nm using an excitation 530 nm. 
Background fluorescence, determined using a reaction 
without cells, is subtracted from each value. H2O2 release, 
calculated using H2O2 standards or standard solutions of  
resorufin, is expressed as picomoles per concentration of  
cells[44]. In some experiments, SOD (40 U/mL) or cata-
lase (200 U/mL) can be added to the cells. 

CONCLUSION
OS plays a very important role in the outcome of  assisted 
reproduction. There are several factors that lead to excess 
free radical generation in an ART setting; therefore, the 
laboratory personnel must be aware of  these sources of  
free radicals generation. This review has outlined some 
of  the most common factors that contribute to OS. It 
is also very important that routine free radical measure-
ments should be practiced in an ART setting so that 
laboratory personnel can be aware of  practices that lead 
to free radicals generation. The methods of  free radical 
measurement summarized in this review are easy to fol-
low, provided the equipment is available. It should also 
be noted that antioxidant supplementation should be part 
of  the solution to minimize OS in an ART setting so that 
the success rate of  assisted reproduction outcomes can 
be increased. 
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Abstract
AIM: To report the results of two phase Ⅱ studies of 
chemotherapy in patients with platinum-resistant and 
platinum-refractory ovarian cancer and discuss the cur-
rent status of systemic therapy in this disease.

METHODS: Two subsequent Austrian Arbeitsgemein-
schaft für Gynäkologische Onkologie (AGO) phase 
Ⅱ studies have been carried out. Patients either had 
platinum-refractory or platinum-resistant disease, i.e., 
disease progression during first line platinum-based 
therapy or recurrence within 6 mo following the last 
platinum-containing chemotherapy, respectively. In 
the first study, 6 cycles of irinotecan at 55 mg/m2 and 
docetaxel 25 mg/m2 were both administered on days 
1, 8 and 15 of a 4 wk cycle. In the second phase Ⅱ 
study, either non-pegylated (PEG) liposomal doxorubi-
cin (L-DXR) 60 mg/m2 monotherapy on day 1 and PEG 
filgrastim on day 2 (arm A) or L-DXR at 50 mg/m2 and 
gemcitabine (GEM) at 650 mg/m2 on day 1 and GEM on 
day 8 (arm B) were administered every 4 wk. Patients 
in arm B received prophylactic filgrastim 5 μg/kg per 
day from days 3 to 6 and from days 9 to 12, respec-
tively. 

RESULTS: Response rates in studies were 14% and 
17%, respectively. The progression-free survival was 
less than 3 mo. Diarrhea was most prevalent in patients 
treated with irinotecan + docetaxel, while stomatitis/
mucositis occurred in a quarter of patients treated with 
L-DXR +/- GEM + granulocyte colony stimulating factor, 
respectively. Following treatment with the latter regi-
men, a total of 11 serious adverse events were record-
ed among the 12 patients included. The rate of remis-
sions of the regimens used in these two Austrian AGO 
studies was low and their toxicity significant. Due to 
their low therapeutic index, neither of these regimens 
can be recommended in this heavily pretreated patient 
population with platinum-resistant ovarian cancer ex-
hibiting a high tumor-associated symptom burden. 

CONCLUSION: The two reported phase Ⅱ studies of 
the Austrian AGO in platinum-resistant disease had to 
be terminated prematurely due to a low therapeutic 
index. Treatment of this disease remains a clinical di-
lemma. Bevacizumab seems to be active at this late-
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stage disease but may be associated with significant 
bowel toxicity.
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INTRODUCTON
Ovarian cancer carries the highest mortality among all 
gynecological malignancies. In this disease, after an initial 
response to platinum and a taxane, resistance develop-
ment is a significant problem. At this stage of  disease, 
patients usually suffer from significant tumor-related 
symptoms and chemotherapy is only moderately active. 
The median survival lies between 6 and 11 mo[1,2].

In platinum-resistant ovarian cancer, monotherapy 
with pegylated (PEG)-liposomal doxorubicin (L-DXR), 
weekly paclitaxel, topotecan and gemcitabine (GEM) are 
the most commonly used agents[3,4]. There is an urgent 
need for more effective therapies able to induce a remis-
sion and thus leading to effective palliation. 

Since 2005, the Austrian Arbeitsgemeinschaft für 
Gynäkologische Onkologie (AGO) has initiated three 
subsequent studies which investigated the use of  com-
bination regimens in platinum-refractory and platinum-
resistant ovarian cancer. One study of  topotecan and 
γ-interferon will be published elsewhere.

The results of  the other two phase Ⅱ studies are re-
ported here. The aim was to define the response rates, 
the progression-free survival and the toxicity profiles. 
The authors also discuss the current status of  systemic 
therapy in platinum-resistant disease.

MATERIALS AND METHODS
Two subsequent Austrian AGO phase Ⅱ studies were car-
ried out between 2005 and 2011 (Table 1). All patients ei-
ther had platinum-refractory or platinum-resistant disease, 
i.e., disease progression during first-line platinum-taxane 
therapy or recurrence within 6 mo following the last plati-
num-containing chemotherapy, respectively. Patients were 
treated at the Departments of  Obstetrics and Gynecology 
of  the Medical Universities of  Graz, Innsbruck and Vi-

enna, as well as at the Departments of  Gynecology of  the 
Hospitals Barmherzige Schwestern in Linz, Ried and the 
Hospital Barmherzige Brüder, Graz and the Departments 
of  Obstetrics and Gynecology, Wels, Neunkirchen and 
Kufstein.

Both studies were approved by the institutional Ethics 
Committees. For inclusion, patients had to sign an in-
formed consent, to have no secondary cancer, no previ-
ous radiotherapy, no active infections, an adequate bone 
marrow function and liver parameters, as well as a serum 
creatinine of  less than 2.5 × normal. 

Progression was defined as the occurrence of  new 
measurable disease by computed tomography scan and/
or by chest X-ray.

In the first study, treatment consisted of  6 cycles of  
irinotecan at 55 mg/m2 and docetaxel 25 mg/m2, both 
administered on days 1, 8 and 15 of  a 4 wk cycle. 

In the second randomized phase Ⅱ study, either non-
PEG L-DXR 60 mg/m2 monotherapy on day 1 and PEG 
filgrastim on day 2 (arm A) or L-DXR at 50 mg/m2 and 
GEM at 650 mg/m2 on day 1 and GEM on day 8 (arm 
B) were administered every 4 wk, respectively. Patients in 
arm B received prophylactic filgrastim 5 μg/kg per day 
from days 3 to 6 and from days 9 to 12, respectively. 

Pretreatment patient characteristics are shown in 
Table 1.

RESULTS
Treatment efficacy
Efficacy results of  the two phase Ⅱ studies with irino-
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Table 1  Patient characteristics and efficacy results of weekly 
irinotecan + docetaxel and non-pegylated liposomal doxo-
rubicin +/- gemcitabine + G-CSF in the 27 patients with 
platinum-resistant or platinum-refractory ovarian cancer  n (%)

Weekly 
Irinotecan + 

docetaxel 

Liposomal 
doxorubicin +/- 
gemcitabine + 

G-CSF

Included/planned 15/45 12/80
Years of study inclusion 2005-2006 2008-2011
Age (yr), median (range)      56 (33-77)      65 (46-77)
Previous regimens, median (range) 1.9 (1-4) 1.6 (1-3)
Platinum-refractory disease   8 (53) 1 (8)
Platinum-resistant disease   7 (47) 11 (92)
No. of previous chemotherapy 
regimens
   1   8 (53) 1 (8)
   2   3 (13) 10 (83)
   3   2 (13) 1 (8)
   4   2 (13) 0 (0)
Previous taxanes 12 (80)   12 (100)
Complete response 1 (7) 0 (0)
Partial response 1 (7)   2 (17)
Stable disease   2 (13)   2 (17)
Progressive disease 11 (73)   8 (67)
Progression-free survival (mo), 
median (range)

      2.8 (2.0-3.6)        2.1 (1.0-9.0)

Overall survival from study  
inclusion (mo), median (range)

         10 (7.8-12.2)          10 (2.1-44.2)
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tecan + docetaxel and L-DXR +/- GEM + G-CSF are 
shown in Table 1. In brief, the majority had platinum-
resistant disease and the response rates were 14% and 
17%, respectively. The median progression-free survival 
was less than 3 mo and the overall survival 10 mo, re-
spectively. 

Toxicity
Grade 3 and 4 toxicities are outlined in Table 2 and seri-
ous adverse events (SAE) in Table 3, respectively. Diarrhea 
was most prevalent in patients treated with irinotecan + 
docetaxel, while stomatitis/mucositis occurred in a quarter 
of  patients treated with L-DXR +/- GEM, respectively. 
Table 3 shows the SAE observed in both studies. Follow-
ing treatment with L-DXR +/- GEM, a total of  11 SAE 
occurred among the 12 patients included. 

Both studies were stopped prematurely based on 
a decision of  the AGO steering committee. It was felt 
that the harms for the patients in terms of  toxicity were 
greater than its potential use. 

Quality of  life was examined in both phase Ⅱ studies. 
However, the early termination of  both studies prohib-
ited meaningful analyses. 

Table 4 shows commonly used systemic therapy regi-
mens in patients with platinum-resistant ovarian cancer.

DISCUSSION
Both phase Ⅱ AGO studies in patients with platinum-
resistant ovarian cancer reported here exerted only a low 
therapeutic index. The rate of  remissions was low and 
the toxicity significant. In the second phase Ⅱ study, 
G-CSF was prophylactically administered. However, its 
administration did not increase the tolerability of  these 

regimens (Tables 2 and 3). Both studies were terminated 
prematurely. 

In platinum-resistant or platinum-refractory ovarian 
cancer, treatment options are limited. Most patients die 
from the disease within 1 year[1,2] (Table 2). In this late 
stage disease, not only grade 3 or 4 toxicities but even 
the combination of  several grade 2 toxicities, such as 
stomatitis, nausea, vomiting or fatigue, can deteriorate the 
patient´s performance status and motivation. Thus, the 
combination of  cancer-related symptoms and toxicities is 
particularly critical when two-drug regimens are used.

There are only a limited number of  studies published 
in platinum-resistant ovarian cancer, including one from 
our group in which combination therapy was found to 
be significantly effective on one hand and acceptably 
tolerated on the other[5]. Canfosfamide and PEG L-DXR 
showed a better therapeutic index than PEG L-DXR 
alone in one randomized phase Ⅱ study. Palmoplantar 
erythrodysesthesia and stomatitis were less pronounced 
in the combination arm[6]. 

Recently, single agent NKTR-102, a topoisomerase 
I-inhibitor polymer conjugate, demonstrated a response 
in 20% of  patients after failure on PEG L-DXR[7]. 

In platinum-resistant disease, the induction of  a re-
mission is particularly necessary to reduce cancer-related 
symptoms, including subileus, abdominal distension and 
dyspnea[2].

Targeted therapies
In combination with tamoxifen, targeted therapy such 
as gefitinib, a tyrosin kinase inhibitor of  the epidermal 
growth factor receptor, has shown only modest efficacy 
in platinum-resistant or platinum-refractory ovarian can-
cer. This regimen was associated with significant drug-
related adverse events, including diarrhea and acne-like 
rash[8].

Bevacizumab is an antibody against vascular endo-

37 October 10, 2012|Volume 1|Issue 3|WJOG|www.wjgnet.com

Table 2  Worst grade 3 and 4 toxicities (National Cancer 
Institute-common toxicity criteria) per patient with platinum-
resistant or platinum-refractory ovarian cancer undergoing 
weekly irinotecan + docetaxel and non-pegylated liposomal 
doxorubicin +/- gemcitabine + G-CSF  n (%)

Grade 3 and 4 toxicity Weekly 
irinotecan + 

docetaxel

Liposomal 
doxorubicin +/- 
gemcitabine + 

G-CSF

Patients   15 (100)   12 (100)
Neutropenia grade 4 0 (0)   2 (17)
Neutropenia grade 3   2 (13)   4 (33)
Febrile neutropenia grade 4 1 (7)   2 (17)
Leucopenia grade 3   2 (13)   3 (25)
Leucopenia grade 4 0 (0) 1 (8)
Thrombocytopenia grade 4 0 (0)   2 (17)
Nausea grade 3 0 (0) 1 (7)
Stomatitis/mucositis grade 3 0 (0)   3 (25)
Diarrhea grade 3   4 (27) 0 (0)
Diarrhea grade 4 1 (7) 0 (0)
Infection grade 3 0 (0)   2 (17)
Fatigue grade 3 1 (7)   2 (17)
Pain grade 3 1 (7)   2 (17)
Thromboembolism grade 3   2 (13) 1 (7)
Weight gain grade 3 1 (7) 0 (0)

Table 3  Serious adverse events observed in the two Austrian 
Arbeitsgemeinschaft für Gynäkologische Onkologie phase Ⅱ 
studies using irinotecan + docetaxel or liposomal doxorubicin 
+/- gemcitabine + G-CSF in patients with platinum-resistant 
and platinum-refractory ovarian cancer  n (%)

Type of SAE Weekly 
irinotecan + 

docetaxel 
(n  = 15)

Liposomal 
doxorubicin +/- 

gemcitabine 
(n  = 12)

Subileus and fatigue 0   3 (25)
Uncontrollable vomiting and fever 0   2 (17)
Febrile neutropenia 0 1 (8)
Pulmonary embolism/deep pelvic 
vein thrombosis

  2 (13) 1 (8)

Pneumonia 0 1 (8)
Significant pleural effusion 0 1 (8)
Mucositis/diarrhea 1 (7) 1 (8)
Generalized edema 0 1 (8)
Total number of SAE   3 (20) 11 (91)

SAE: Serious adverse events.
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thelial growth factor. In a phase Ⅱ study, bevacizumab 
monotherapy resulted in a remarkable response rate in 
16% in patients with platinum-resistant disease. However, 
gastrointestinal perforation occurred in as many as 11% 
of  patients[9]. The prevalence of  the latter complication 
was also high in a retrospective study which included 
heavily pretreated patients who had received a median 
of  seven prior regimens. Bevacizumab was combined 
with cyclophosphamide, 5-fluoruracil, docetaxel or PEG 
L-DXR/GEM. The 35% response rate was encourag-
ing[10]. 

In one phase Ⅱ study of  bevacizumab and weekly 
topotecan, partial responses were seen in 24% and dis-
ease stabilization in another 36% of  patients[11]. Although 
the response rate again was encouraging (46%), the 
combination of  weekly PEG L-DXR and bevacizumab 
exerted significant toxicity, mainly including hand-foot 
syndrome and mucositis[12]. 

Thus, the ideal combination partner of  bevacizumab 
remains to be defined. The Aurelia study is currently 
addressing this question (ClinicalTrials.gov identifier: 
NCT00976911).

Whether pertuzumab combined with GEM[13] or 
other regimens may expand the current armamentarium 
against platinum-resistant ovarian cancer needs confirma-
tion in larger studies. 

Antihormonal therapies
Antihormonal treatments such as tamoxifen or gonado-
tropin-releasing hormones have revealed remission rates 
in only about 10% of  patients but, in addition, disease 
stabilizations in about one third of  women treated[14,15]. 
Antihormonal effects do not seem to depend on the ex-
istence of  hormone receptors of  the tumor. One advan-
tage of  tamoxifen and similar agents is its mild toxicity.

In conclusion, a low therapeutic index was observed 
in both Austrian AGO phase Ⅱ studies using irinotecan 
+ docetaxel and non-PEG doxorubicin +/- GEM + 
G-CSF, respectively. Both regimens cannot be recom-
mended in platinum-resistant disease which remains a 
clinical dilemma. Bevacizumab seems to be active at this 
late-stage disease but may be associated with significant 

bowel toxicity. Studies defining combination partners for 
this monoclonal antibody are underway. Antihormonal 
therapy such as tamoxifen also has a place in the treat-
ment of  platinum-resistant and platinum-refractory ovar-
ian cancer.
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SPECIAL STATEMENT
All articles published in this journal represent the viewpoints of  the 
authors except where indicated otherwise.

Biostatistical editing
Statistical review is performed after peer review. We invite an ex-
pert in Biomedical Statistics to evaluate the statistical method used 
in the paper, including t-test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or 
stepwise), correlation, analysis of  variance, analysis of  covariance, 
etc. The reviewing points include: (1) Statistical methods should 
be described when they are used to verify the results; (2) Whether 
the statistical techniques are suitable or correct; (3) Only homoge-
neous data can be averaged. Standard deviations are preferred to 
standard errors. Give the number of  observations and subjects (n). 
Losses in observations, such as drop-outs from the study should be 
reported; (4) Values such as ED50, LD50, IC50 should have their 
95% confidence limits calculated and compared by weighted probit 
analysis (Bliss and Finney); and (5) The word ‘significantly’ should 
be replaced by its synonyms (if  it indicates extent) or the P value (if  
it indicates statistical significance). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewers assess any poten-
tial bias, WJOG requires authors of  all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests  
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular 
paper. Before submitting, authors are suggested to read “Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals: 
Ethical Considerations in the Conduct and Reporting of  Research: 
Conflicts of  Interest” from International Committee of  Medical 
Journal Editors (ICMJE), which is available at: http://www.icmje.
org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names 
of  organizations], and has received research funding from [names of  
organization]. [Name of  individual] is an employee of  [name of  or-
ganization]. [Name of  individual] owns stocks and shares in [name of  
organization]. [Name of  individual] owns patent [patent identification 
and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all human 
studies have been reviewed by the appropriate ethics committee or it 
should be stated clearly in the text that all persons gave their informed 
consent prior to their inclusion in the study. Details that might disclose 
the identity of  the subjects under study should be omitted. Authors 
should also draw attention to the Code of  Ethics of  the World Medi-
cal Association (Declaration of  Helsinki, 1964, as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should follow 

the highest standards and the trial should conform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good 
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines 
Research Council Guidelines for Good Clinical Practice in Clinical 
Trials) and/or the World Medical Association Declaration of  Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If  doubt exists whether the research was conducted 
in accordance with the above standards, the authors must explain the 
rationale for their approach and demonstrate that the institutional 
review body explicitly approved the doubtful aspects of  the study. 

Before submitting, authors should make their study approved by 
the relevant research ethics committee or institutional review board. 
If  human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the 
understanding and appropriate informed consent of  each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If  experimental animals were used, 
the materials and methods (experimental procedures) section must 
clearly indicate that appropriate measures were taken to minimize 
pain or discomfort, and details of  animal care should be provided.

SUBMISSION OF MANUSCRIPTS
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Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion, 
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the 
opinions expressed by contributors. Manuscripts formally accepted 
for publication become the permanent property of  Baishideng 
Publishing Group Co., Limited, and may not be reproduced by any 
means, in whole or in part, without the written permission of  both 
the authors and the publisher. We reserve the right to copy-edit and 
put onto our website accepted manuscripts. Authors should follow 
the relevant guidelines for the care and use of  laboratory animals 
of  their institution or national animal welfare committee. For the 
sake of  transparency in regard to the performance and reporting of  
clinical trials, we endorse the policy of  the ICMJE to refuse to pub-
lish papers on clinical trial results if  the trial was not recorded in a 
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored 
by the United States National Library of  Medicine and we encour-
age all potential contributors to register with it. However, in the case 
that other registers become available you will be duly notified. A 
letter of  recommendation from each author’s organization should 
be provided with the contributed article to ensure the privacy and 
secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photo
graphs and illustrations because rejected manuscripts will not be 
returned to the author(s) and the editors will not be responsible 
for loss or damage to photographs and illustrations sustained dur-
ing mailing.

Online submissions
Manuscripts should be submitted through the Online Submission 
System at: http://www.wjgnet.com/esps/. Authors are highly rec-
ommended to consult the ONLINE INSTRUCTIONS TO AU-
THORS (http://www.wjgnet.com/2218-6220/g_info_20100722175812.
htm) before attempting to submit online. For assistance, authors 
encountering problems with the Online Submission System may 
send an email describing the problem to wjog@wjgnet.com, or by 
telephone: +86-10-85381891. If  you submit your manuscript on-
line, do not make a postal contribution. Repeated online submission 
for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must be 
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typed in 1.5 line spacing and 12 pt. Book Antiqua with ample mar-
gins. Style should conform to our house format. Required informa-
tion for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should be 
provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of  data, or analysis and 
interpretation of  data; (2) drafting the article or revising it critically 
for important intellectual content; and (3) final approval of  the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
name of  institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde 
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George 
Sgourakis, Department of  General, Visceral, and Transplantation 
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical 
Department, Korgialenio-Benakio Red Cross Hospital, Athens 
15451, Greece

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  sup-
portive foundations should be provided, e.g. Supported by National 
Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should be 
provided. Author names should be given first, then author title, af-
filiation, the complete name of  institution, city, postcode, province, 
country, and email. All the letters in the email should be in lower 
case. A space interval should be inserted between country name and 
email address. For example, Montgomery Bissell, MD, Professor of  
Medicine, Chief, Liver Center, Gastroenterology Division, Universi-
ty of  California, Box 0538, San Francisco, CA 94143, United States. 
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, coun-
try number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJOG, review-
ers of  accepted manuscripts will be announced by publishing the 
name, title/position and institution of  the reviewer in the footnote 
accompanying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shang-
hai, Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong 
University, Shanghai, China; Professor Xin-Wei Han, Department 
of  Radiology, The First Affiliated Hospital, Zhengzhou University, 
Zhengzhou, Henan Province, China; and Professor Anren Kuang, 
Department of  Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no less than 256 words) and 
structured abstracts (no less than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no less than 480 words 
should accompany each manuscript. Abstracts for original contri-
butions should be structured into the following sections. AIM (no 
more than 20 words): Only the purpose should be included. Please 
write the aim as the form of  “To investigate/study/…; MATERI-
ALS AND METHODS (no less than 140 words); RESULTS (no 
less than 294 words): You should present P values where appropri-
ate and must provide relevant data to illustrate how they were ob-
tained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no 
more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which 
reflect the content of  the study.

Text
For articles of  these sections, original articles and brief  articles, the 
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and 
DISCUSSION, and should include appropriate Figures and Tables. 
Data should be presented in the main text or in Figures and Tables, 
but not in both. The main text format of  these sections, editorial, 
topic highlight, case report, letters to the editors, can be found at: 
http://www.wjgnet.com/2218-6220/g_info_20100724060402.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a sepa-
rate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is 
necessary in line-art image. Scale bars should be used rather than 
magnification factors, with the length of  the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured 
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1  Pathological changes in atrophic gastritis after treat-
ment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle 
to publish high resolution-figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
but not duplicate the text. Use one horizontal line under the title, a 
second under column heads, and a third below the Table, above any 
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain se-
quence.
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Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, 
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood 
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume 
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic 
numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/2218-6220/
g_info_20100724062131.htm.
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CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.
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m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.
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