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Abstract
Non-alcoholic fatty liver disease (NAFLD) is a low-grade 
systemic inflammatory condition, since liver and adi-
pose tissue tumor necrosis factor-α (TNF-α) and TNF 
receptor 1 transcripts and serum TNF-α levels are in-
creased and IL-6-/- mice are less prone to NAFLD. Fatty 
liver damage caused by high-fat diets is associated with 
the generation of pro-inflammatory prostaglandin E2 
(PGE2). A decrease in the levels of arachidonic acid (AA), 
eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA) and the usefulness of EPA and DHA both in the 
prevention and management of NAFLD has been re-
ported. AA, EPA and DHA and their anti-inflammatory 
products lipoxins (LXs), resolvins and protectins sup-
press IL-6 and TNF-α and PGE2 production. These 
results suggest that the activities of Δ6 and Δ5 desatu-
rases are reduced in NAFLD and hence, the dietary es-
sential fatty acids, linoleic acid (LA) and α-linolenic acid 
(ALA) are not metabolized to their long-chain products 
AA, EPA and DHA, the precursors of anti-inflammatory 
molecules, LXs, resolvins and protectins that could pre-

vent NAFLD. This suggests that an imbalance between 
pro- and anti-inflammatory bioactive lipids contribute 
to NAFLD. Hence, it is proposed that plasma and tis-
sue levels of AA, EPA, DHA and LXs, resolvins and 
protectins could be used as predictors and prognostic 
biomarkers of NAFLD. It is suggested that the synthesis 
and use of more stable analogues of LXs, resolvins and 
protectins need to be explored in the prevention and 
management of NAFLD.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) appears to be 
an integral part of  the metabolic syndrome that compris-
es a cluster of  abnormalities (dysglycemia, dyslipidemia, 
hypertension, procoagulant tendency, etc.) with insulin 
resistance as a central pathogenic factor[����1,2�]. NAFLD is 
significantly associated with insulin resistance[����3,4�]. Subjects 
with NAFLD had significantly higher values of  body 
mass index (BMI), waist circumference, hip circumfer-
ence, fasting blood glucose, fasting insulin, total choles-
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terol and serum triglycerides[����5,6�]. A reduction in hepatic 
insulin sensitivity due to triglyceride accumulation in liver 
has been documented[��5�]. Triglyceride storage in the liver 
could be a protective mechanism and does not necessarily 
impair insulin sensitivity nor contribute to liver damage. 
Current understanding suggests that inappropriate tri-
glyceride storage and formation of  harmful lipid deriva-
tives or increased free fatty acids may be harmful. Despite 
much research, the exact pathophysiological mechanisms 
of  NAFLD are not clear. 

NAFLD AS A LOW-GRADE SYSTEMIC 
INFLAMMATORY CONDITION 
NAFLD could be a low-grade systemic inflammatory 
condition since liver and adipose tissue tumor necrosis 
factor-α (����TNF-α)�������������������������������      and TNF receptor 1 transcripts[��7�] as 
well as serum TNF-α levels[��8�] are increased in patients 
with NAFLD and IL-6-deficient mice are less prone to 
NAFLD[��9�]. Yet, deficiency of  TNF receptors does not 
prevent elevation of  serum ALT in ob/ob mice[���10�] or af-
ter intragastric overfeeding of  a high-fat diet[���11�]. TNF-α 
can induce insulin resistance. This implies that TNF-α 
and other pro-inflammatory cytokines may have a role in 
NAFLD but are not the sole cause of  the same.

Hepatic fat deposition with hepatocellular damage, 
a feature of  NAFLD, may also be mediated by pro-in-
flammatory prostaglandins (PGs). Among the more than 
twenty isozymes of  mammalian PLA2, group IVA PLA2 
(IVAPLA2) is a key enzyme responsible for the release of  
arachidonic acid (AA), a precursor of  PGs. IVA-PLA2-
knockout mice fed normal chow diets showed a decrease 
in hepatic triacylglycerol content and the size of  epididy-
mal adipocytes was smaller with a lower serum level of  
pro-inflammatory prostaglandin E2 (PGE2) compared 
with wild-type mice, suggesting that the circulating level 
of  PGE2 is related to the levels of  intracellular triglycer-
ide (TG) in the liver and adipose tissues[���12�]. Stimulation 
of  rat hepatocytes with PGE2 and the administration of  
PGE2 to rats induced increases in TG level in the cells 
and the liver, respectively[������13,14�], suggesting that IVA-PLA2 
mediates fat deposition in the liver and adipose tissues 
through the generation of  PGs that are pro-inflammatory 
in nature and thus, could predispose to the development 
of  NAFLD. A deficiency of  IVA-PLA2 alleviated fatty 
liver damage caused by high-fat diets[���15�] as a result of  
the lower generation of  IVA-PLA2 metabolites, such as 
PGE2 that has pro-inflammatory action. Thus, NAFLD 
is a low-grade systemic inflammatory condition.

COULD NAFLD BE A RESULT OF 
DEFICIENCY OF ANTI-INFLAMMATORY 
CYTOKINES AND BIOACTIVE LIPIDS? 
Fatty livers of  obese fa/fa rats are vulnerable to injury 
when challenged by insults such as���������������������   �������������������� endotoxin, ischemia-
reperfusion or acute ethanol treatment that could lead to 

NAFLD. When obese fa/fa rats and their lean littermates 
were fed a diet low in fat (12% of  total calories) or a diet 
with 60% calories as lard for 8 wk, hyperglycemia and 
steatohepatitis occurred in the fa/fa rats fed the high-fat 
diet. This was accompanied by liver injury as evidence 
by enhanced levels of  hepatic enzymes (such as alanine 
aminotransferase) that was found to be associated with 
increased TNF-α and TGF-β, collagen deposition, up-
regulation of  α-smooth muscle actin, increased TIMP1 
(a component of  family of  tissue inhibitors of  metal-
loproteinases), and elevated oxidative stress, lipid per-
oxides, protein carbonyls and reduced glutathione and 
antioxidant enzymes in the fa/fa rats fed with the high-
fat diet[���16�]. Despite the fact that inflammatory events play 
a significant role in NAFLD, relatively little attention has 
been paid to anti-inflammatory events.

It is possible that enhanced IL-6, TNF-α, PGE2 levels 
and insulin resistance seen in NAFLD could be due to a 
deficiency of  anti-inflammatory molecules. For instance, 
AA released by IVA-PLA2 can form a precursor to anti-
inflammatory bioactive lipids such as lipoxins (LXs), 
resolvins and protectins that suppress IL-6, TNF-α and 
PGE2 production and ameliorate insulin resistance[������17-19�]. 
This is supported by the observation that enteral and 
intravenous supplementation of  omega-3 fatty acids 
can ameliorate hepatic steatosis in a murine model of  
NAFLD[���20�]. In addition, a relative depletion in polyun-
saturated fatty acids (PUFAs), particularly of  the n-6 and 
n-3 series in hepatic triacylglycerols and of  the n-3 series 
in liver phospholipids, with decreased 20:4, n-6/18:2, n-6 
and (20:5, n-3 + 22:6, n-3)/18:3, n-3 ratios with simulta-
neously higher n-6/n-3 ratios in liver and adipose tissue, 
18:1, n-9 trans contents in adipose tissue, and hepatic lipid 
peroxidation and protein oxidation indexes was reported 
in NAFLD patients[���21�]. These results suggest that an al-
teration in the metabolism of  both n-6 and n-3 fatty acids 
occur in NAFLD. 

Thus, it is likely that an imbalance between the pro- 
and anti-inflammatory molecules that is tilted more in 
favor of  the former could trigger the development of  
NAFLD. Hence, I propose that failure to produce ad-
equate amounts of  anti-inflammatory molecules such 
as LXs, resolvins and protectins and cytokines IL-4 and 
IL-10 play a role in the pathobiology of  NAFLD. 

ESSENTIAL FATTY ACID METABOLISM 
In view of  the proposal that altered metabolism of  EFAs 
in the form of  enhanced formation of  pro-inflammatory 
eicosanoids and decreased formation of  anti-inflamma-
tory bioactive lipids, especially those from ω-3 fatty acids, 
play a significant role in NAFLD, a close look at the me-
tabolism of  EFAs is necessary.

Cis-linoleic acid (LA, 18:2 ω-6) and α-linolenic acid 
(ALA, 18:3 ω-3) are EFAs. LA is converted to γ-linolenic 
acid (GLA, 18:3, ω-6) by the action of  the enzyme ∆6 
desaturase and GLA is elongated to form di-homo-GLA 
(DGLA, 20:3, ω‑6), the precursor of  the 1 series of  pros-
taglandins. DGLA can be converted to AA (20:4, ω-6) 
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by the action of  the enzyme ∆5 desaturase. AA forms the 
precursor of  2 series of  prostaglandins, thromboxanes 
and the 4 series LTs. ALA is converted to eicosapentae-
noic acid (EPA, 20:5, ω-3) by ∆6 and ∆5 desaturases. EPA 
forms the precursor of  the 3 series of  prostaglandins and 
the 5 series of  Leukotrienes (LTs). EPA can be elongated 
to form docosahexaenoic acid (DHA, 22:6, ω-3). AA, 
EPA and DHA also form precursors to a group of  novel 
compounds: LXs, resolvins, protectins and maresins[������22-32�] 
that have anti-inflammatory action (Figure 1). Eico-
sanoids bind to G protein-coupled receptors on many 
cell types and mediate virtually every step of  inflamma-
tion, are found in inflammatory exudates and their syn-
thesis is increased at sites of  inflammation. Non-steroidal 
anti-inflammatory drugs such as aspirin inhibit cyclo-
oxygenase (COX) activity and thus, are believed to bring 
about their anti-inflammatory action. 

LXS, RESOLVINS, PROTECTINS AND 
MARESINS
There are two COX enzymes, the constitutively expressed 

COX-1 and the inducible enzyme COX-2. Different 
types of  PGs are formed by the action of  COX enzymes 
depending on the substrate fatty acid from which they are 
derived. 

There are 3 types of  lipoxygenases and are present 
in only a few types of  cells. 5-lipoxygenase (5-LO), pres-
ent in neutrophils, produces 5-hydroxyeicosatetraenoic 
acid (5-HETE), which is chemotactic for neutrophils 
and is converted into LTs. LTB4, a potent chemotactic 
and activator of  neutrophils, induces aggregation and 
adhesion of  leukocytes to vascular endothelium, genera-
tion of  reactive oxygen species and release of  lysosomal 
enzymes. The cysteinyl-containing leukotrienes C4, D4, 
and E4 (LTC4, LTD4 and LTE4) induce vasoconstriction, 
bronchospasm and vascular permeability in venules. LTs 
are more potent than histamine in increasing vascular 
permeability and causing bronchospasm. LTs mediate 
their actions by binding to cysteiny leukotreine 1 (CysLT1) 
and CysLT2 receptors. In general, PGs, LTs and throm-
boxanes (TXs) formed from DGLA and AA are pro-
inflammatory in nature. PGs, TXs and LTs formed from 
EPA also have pro-inflammatory action but are generally 
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Figure 1  Metabolism of essential fatty acids and their modulation by insulin, glucose, exercise and oxidative stress. Calorie restriction increases the activity 
of Δ6 and Δ5 desaturases. High-fat diet, trans-fats and cholesterol block the activities of Δ6 and Δ5 desaturases. (-): Inhibition of synthesis or action; (+): Enhancement 
of synthesis or action. Green arrows indicate beneficial action and/or anti-inflammation whereas red arrows indicate harmful action and/or pro-inflammation. PG: Pro-
inflammatory prostaglandin; AA: Arachidonic acid; EPA: Eicosapentaenoic acid; DHA: Docosahexaenoic acid; LTs: Leukotrienes.
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less pro-inflammatory compared to those formed from 
AA. 

AA, EPA and DHA also form precursors to potent 
anti-inflammatory compounds: LXs, resolvins, protectins 
and maresins. LXs are generated from AA, EPA and 
DHA (LXA4 is formed from AA; LXA5 is formed from 
EPA; resolvins are formed from EPA and DHA and 
protectins from DHA; and all these products have potent 
anti-inflammatory actions) by transcellular biosynthetic 
mechanisms involving two cell populations. Neutrophils 
produce intermediates in LX synthesis and these are 
converted to LXs by platelets interacting with leukocytes. 
LXA4 and LXB4 are generated by the action of  platelet 
12-LO on neutrophil-derived LTA4. LXs inhibit leuko-
cyte recruitment, neutrophil chemotaxis and adhesion 
to endothelium[���28�]. LXs have a negative regulation on LT 
synthesis and action and help in the resolution of  inflam-
mation. An inverse relationship generally exists between 
LXs and LTs and the balance between these two mole-
cules appears to be crucial in the determination of  degree 
of  inflammation and its final resolution[���������������22,25,27,30-32�]. 

ASPIRIN-TRIGGERED 15 EPIMER LXS, 
RESOLVINS AND PROTECTINS 
The formation of  aspirin-triggered 15 epimer LXs are 
potent counter regulators of  polymorphonuclear neutro-
phils (PMNs)-mediated injury and acute inflammation. 
Acetylated COX-2 enzyme of  endothelial cells gener-
ates 15R-HETE from AA that is converted by activated 
PMNs to the 15-epimeric LXs that have potent anti-
inflammatory properties[������23-32�]. This cross-talk between 
endothelial cells and PMNs leading to the formation of  
15R-HETE and its subsequent conversion to 15-epi-
meric LXs by aspirin-acetylated COX-2 is a protective 
mechanism to prevent local inflammation on the vessel 
wall by regulating the motility of  PMNs, eosinophils and 
monocytes[������30-32�]. Endothelial cells also oxidize AA, EPA 
and DHA via P450 enzyme system to form various hy-
droxyeicosatetraenoic acids and epoxyeicosatrienoic acids 
such as 11,12-epoxy-eicosatetraenoic acid(s) that have 
many biological actions that include blocking endothelial 
cell activation, while non-enzymatic oxidation products 
of  EPA inhibit phagocyte-endothelium interaction and 
suppress the expression of  adhesion molecules[������33-38�]. 

Akin to the formation of  15R-HETE and 15-epi-
meric LXs from AA, similar compounds are also formed 
from EPA and DHA. In the presence of  aspirin, acti-
vated COX-2 of  human endothelial cells converts EPA 
to 18R-HEPE, 18-HEPE and 15R-HEPE. Activated 
human PMNs, in turn, converts 18R-HEPE to 5,12,18R-
triHEPE and 15R-HEPE to 15-epi-LXA5 by their 5-LO. 
Both 18R-HEPE and 5,12,18R-triHEPE inhibited LTB4-
stimulated PMN transendothelial migration. 5,12,18R-
triHEPE effectively competed with LTB4 for its receptors 
and inhibited PMN infiltration suggesting that it sup-
presses LT-mediated responses at the sites of  inflamma-
tion[���������������������22,25,27,31,32,39,40�]. 

The conversion of  EPA by human endothelial cells 
with upregulated COX-2 treated with ASA of  EPA to 
15-epi-LX, also termed aspirin-triggered LX (ATL), and 
to 18R-HEPE and 15R-HEPE is interesting. These 
compounds in turn, are used by polymorphonuclear leu-
kocytes to generate separate classes of  novel trihydroxy-
containing mediators, including 5-series 15R-LX(5) and 
5,12,18R-triHEPE, which are potent inhibitors of  human 
polymorphonuclear leukocyte transendothelial migration 
and infiltration in vivo (ATL analogue > 5,12,18R-triHEPE 
> 18R-HEPE). Acetaminophen and indomethacin also 
permitted 18R-HEPE and 15R-HEPE generation with 
recombinant COX-2. The formation of  these bioactive 
lipid mediators via COX-2-nonsteroidal anti inflammato-
ry drug-dependent oxygenations and cell-cell interactions 
may have significant therapeutic benefits in inflamma-
tion[������������������17,27,31,32,39,40�].

Leukocytes, brain and glial cells transform enzymati-
cally DHA to 17R series of  hydroxy DHAs that, in turn, 
is converted enzymatically to di- and tri-hydroxy contain-
ing docosanoids[������������31,32,40-42�]. The conversion of  DHA to 
17S-hydroxy-containing docosanoids denoted as doco-
satrienes (the main bioactive member of  the series was 
10,17S-docosatriene) and 17S series resolvins serve as 
regulators of  both leukocytes reducing infiltration in vivo 
and glial cells blocking their cytokine production. Thus, 
DHA is the precursor to novel docosatrienes and 17S 
series resolvins that have anti-inflammatory action and 
resolve inflammation. 

Similar small molecular weight compounds are also 
generated from AA, EPA and DHA: 15R-hydroxy con-
taining compounds from AA, 18R series from EPA and 
17R-hydroxy series from DHA. All these compounds 
have potent anti-inflammatory actions, resolve inflamma-
tion and hence are called “resolvins”. Resolvins inhibit 
cytokine generation, leukocyte recruitment, leukocyte 
diapedesis and exudate formation. The formation of  re-
solvins from AA, EPA and DHA from acetylated COX-2 
are generated via transcellular biosynthesis (e.g. due to 
cell-cell communication between endothelial cells and 
PMNs) and their main purpose appears to be to suppress 
inflammation. Resolvins inhibit brain ischemia-reper-
fusion injury[������������31,32,40-42�]. It is likely that LXs, resolvins and 
protectins (docosanoids are also called as protectins since 
they have neuroprotective actions) serve as endogenous 
anti-inflammatory and cytoprotective molecules[���������17,18,28�]. 
The general cytoprotective properties that have been at-
tributed to AA, EPA and DHA can be related to their 
conversion to LXs, resolvins and docosanoids (protectins) 
(Figures 2������������������������������������������������       -5����������������������������������������������       ). Hence, defects in the formation and action 
of  LXs, resolvins and protectins could lead to perpetua-
tion of  inflammation[������31,32�].

ANTI-INFLAMMATORY MOLECULE LXA4 
IS DETECTABLE IN URINE
LXA4, generated by LO transformation of  AA possess 
potent anti-inflammatory activity in vivo and tempo-
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ral biosynthesis of  LXs, concurrent with spontaneous 
resolution, has been observed during exudate forma-
tion[������������29-31,42-44�]. LXs, resolvins, protectins and maresins are 
detectable in the plasma[���������17,31,32�]. Recently, it was reported 
that urine from healthy subjects contains LXA4

[���45�] and 
strenuous exercise significantly increased its urinary ex-
cretion in healthy volunteers[���46�], suggesting that alterations 
in the urinary excretion of  LXA4 can used as a reflection 
of  changes in its (LXA4) formation to monitor changes 
in the inflammatory events/diseases. It is possible that 
other anti-inflammatory bioactive lipids such as resolvins, 
protectins and maresins may also be detectable in the 
urine. Since urinary levels of  LXA4 was decreased (simi-
lar decrease may occur of  other bioactive lipids such as 
resolvins, protectins and maresins) while that of  cysteinyl 
leukotrienes��������������������������������������������       �������������������������������������������     (cysLTs) increased in volunteers aged from 
26 to over 100 years, leading to a profound unbalance of  
the LXA(4)/cysLTs ratio, that may serve as an index of  
the endogenous anti-inflammatory potential[���47�]. Hence, 
measurement of  urinary and plasma levels of  LXs, re-
solvins, protectins, maresins and leukotrienes could be 
used to monitor the inflammatory process that occurs in 
various diseases including NAFLD. 

ALTERED EFA METABOLISM IN NAFLD 
IN THE FORM OF A DECREASE IN ANTI-
INFLAMMATORY AND AN INCREASE IN 
PRO-INFLAMMATORY BIOACTIVE LIPIDS
NAFLD consists of  a variety of  pathological states rang-
ing from the simple buildup of  fat in the liver (hepatic 
steatosis) to nonalcoholic steatohepatitis, cirrhosis and 
ultimately liver failure[������48-51�]. Current statistics suggest that 
NAFLD is a major cause of  liver-related morbidity and 
mortality and is believed to account for ��������������approximate���ly� 
80% of  individuals with elevated serum liver enzymes[���52�] 
and further to that, up to 30% of  the Western population 
may have NAFLD[���53�]. NAFLD is associated with meta-
bolic disorders such as obesity[���54�] and diabetes[���55�], as well 
as with prolonged chemotherapy[���56�] and total parenteral 
nutrition[������57-59�]. In view of  such wide spread incidence and 
prevalence of  NAFLD, it is important to understand its 
etiopathogenesis to develop suitable remedial measures. 

Intravenous administration of  fish oil that is rich 
in ω-3 fatty acids EPA and DHA reduced parenteral 
nutrition-induced cholestasis in newborn piglets[���60�] and 
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rats[������61,62�] and dietary ω-3 and ω-6 PUFAs have the ability 
to regulate hepatic lipogenesis by reducing sterol regula-
tory element-binding protein-1 in the liver[������63,64�]. In a clini-
cal study, wherein analysis of  liver and abdominal adipose 
tissue fatty acids was carried out in normal controls and 
those with NAFLD, it was noted that NAFLD patients 
had a depletion in PUFAs of  the ω-6 and ω-3 series in 
liver triacylglycerols, with decreased AA/LA and EPA + 
DHA/ALA ratios, whereas liver phospholipids contained 

higher ω-6 and lower ω-3 PUFAs[���21�]. These findings were 
accompanied by an enhancement of  (���1��) ω-6/ω-3 ratio in 
liver and adipose tissue��� ��� ������;�� ��� ������ (��� ������2�� ������) 18:1, ω-9 trans levels in adi-
pose tissue�������  ������������������������������������������     ; ����� ������������������������������������������     and (������������������������������������������     3�����������������������������������������     ) hepatic lipid peroxidation and protein 
oxidation indexes. These results suggest that a marked 
enhancement in PUFA ω-6/ω-3 ratio occurs in the liver 
of  NAFLD patients. Based on these results, it was sug-
gested that depletion of  hepatic PUFA content may re-
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sult from both defective desaturation of  EFAs (both LA 
and ALA) that could be due to both inadequate intake of  
EFAs (both LA and ALA) and higher intake of  the 18:1, 
ω-9 trans isomer leading to desaturase inhibition and, 
possibly, from an increased peroxidation of  PUFAs due 
to oxidative stress[���21�].

Prolonged use of  total parenteral nutrition can lead 
to nonalcoholic fatty liver disease, ranging from hepatic 
steatosis to cirrhosis and liver failure.�������������������    ������������������  Mice that receive 
fat-free, high-carbohydrate diet develop severe liver dam-
age as determined by histology and magnetic resonance 
spectroscopy as well as elevation of  serum liver function 
tests. In such a murine model of  NAFLD in which all 
animals develop steatosis and liver enzyme disturbances, 
intravenous administration of  ω-3 fatty acid emulsion at-
tenuated NAFLD and prevented hepatic pathology and 
normalized liver function tests[���20�], suggesting that ω-3 
fatty acids protect liver against injury including NAFLD. 
In addition, NAFLD is associated with low levels of  
adiponectin and relatively high levels of  TNF-α[���65�]. This 
lends support to the proposal that NAFLD could be an 
inflammatory condition and methods designed to sup-
press inflammation could be of  significant benefit. In ad-
dition, adiponectin antagonizes both the production and 
activity of  TNF-α, whereas TNF-α inhibits adiponectin. 

Adiponectin acts directly on hepatocytes to inhibit fatty 
acid synthesis and uptake while stimulating fatty acid oxi-
dation. Thus, it is likely that a combination of  low adipo-
nectin and high TNF-α levels in the context of  increased 
hepatic exposure to free fatty acids results in hepatic 
steatosis, severe hepatic insulin resistance and ultimately 
NAFLD[���65�].

It is interesting to note that PUFAs, especially ω-3 
EPA and DHA and ω-6 AA, DGLA and GLA and their 
products such as PGE1, LXs, resolvins, protectins and 
maresins suppress the production of  IL-6, TNF-α and 
MIF that are pro-inflammatory cytokines, free radical 
generation and lipid peroxidation process[���������������������22-32,39-44,64,66-73�]. 
Furthermore, insulin resistance itself  may perpetuate 
NAFLD since insulin has anti-inflammatory actions[������74-78�], 
whereas exercise is beneficial since it (exercise) is anti-
inflammatory in nature[������79,80�]. In the initial stages of  exer-
cise, there will be an increase in the production of  IL-6 
that triggers elevation in the production of  endogenous 
anti-oxidants such as superoxide dismutase[���81�] and LXA4. 
In addition, exercise enhances the production of  LXA4 
that may explain its anti-inflammatory action[���81�]. Thus, 
there is a close relationship that exists between high fat 
diet, EFA/PUFA metabolism, pro-inflammatory cyto-
kines, insulin resistance, insulin and exercise (Figure ����6���). 
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rows indicate events that will lead to resolution of non-alcoholic fatty liver disease (NAFLD). Red arrows indicate events that will lead to initiation and/or progression of 
NAFLD. (-): Inhibition or suppression of action; (+): Activation or enhancement of action; TNF-α: Tumor necrosis factor-α; LXs: Lipoxins; COX: Cyclo-oxygenase; LO: 
Lipoxygenase; PG: Pro-inflammatory prostaglandin. For further details see[82-90,119].
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NAFLD is a low-grade systemic inflammatory condition. 
Increased formation of  pro-inflammatory cytokines and 
eicosanoids and/or reduced formation of  anti-inflamma-
tory cytokines and inflammation resolving bioactive lipids 
may participate in the pathobiology of  NAFLD. Thus, 
release and timely formation of  anti-inflammatory bioac-
tive lipids is necessary to prevent NAFLD and/or resolu-
tion of  inflammation seen in NAFLD. The release and 
formation of  anti-inflammatory bioactive lipids depends 
on the activity of  phospholipase A2. This scheme is appli-
cable to both acute and chronic inflammation. NAFLD 
that starts may initially have an acute inflammatory com-
ponent and will become chronic due to the changes in 
the activities of  various sub-classes of  phospholipase A2 
and continued exposure to pro-inflammatory stimuli such 
as high-fat diet. 

There are three classes of  phospholipases that control 
the release of  AA and other PUFAs: calcium-indepen-
dent PLA2 (iPLA2), secretory PLA2 (sPLA2) and cytosolic 
PLA2 (cPLA2)[���82�]. Each class of  PLA2 is further divided 
into isoenzymes for which there are 10 for mammalian 
sPLA2, at least 3 for cPLA2 and 2 for iPLA2. During the 
early phase of  inflammation, COX-2 derived PGs and 
TXs and lipoxygenase-derived LTs initiate exudate for-
mation and inflammatory cell influx[���83�]. TNF-α causes 
an immediate influx of  neutrophils concomitant with 
PGE2 and LTB4 production, whereas during the phase 
of  resolution of  inflammation, an increase in LXA4 (LX 
A4), PGD2 and its product 15deoxyΔ12-14PGJ2 formation 
occurs that induces resolution of  inflammation with a 
simultaneous decrease in PGE2 synthesis that stops neu-
trophil influx and enhances phagocytosis of  debris[������84,85�]. 
Thus, there appears to be two waves of  release of  AA 
and other PUFAs: one at the onset of  inflammation that 
causes the synthesis and release of  PGE2 and a second at 
resolution for the synthesis of  anti-inflammatory PGD2, 
15deoxyΔ12-14PGJ2, and LXs that are necessary for the 
suppression of  inflammation. Thus, COX-2 enzyme has 
both harmful and useful actions by virtue of  its ability to 
give rise to pro-inflammatory and anti-inflammatory PGs 
and LXs.� 

Increased type Ⅵ iPLA2 protein expression was found 
to be the principal isoform expressed from the onset of  
inflammation up to 24 h, whereas type Ⅱa and Ⅴ sPLA2 
was expressed from the beginning of  48 h till 72 h while 
type Ⅳ cPLA2 was not detectable during the early phase 
of  acute inflammation but increased progressively dur-
ing resolution, peaking at 72 h. This increase in type Ⅳ 
cPLA2 was mirrored by a parallel increase in COX-2 ex-
pression[���86�]. The increase in cPLA2 and COX-2 occurred 
in parallel, suggesting a close enzymatic coupling between 
these two. Thus, there is a clear-cut role for different 
types of  PLA2 in distinct and different phases of  inflam-
mation. Selective inhibition of  cPLA2 resulted in the 
reduction of  pro-inflammatory molecules PGE2, LTB4, 
IL-1β and platelet-activating factor (PAF). Furthermore, 
inhibition of  types Ⅱa and Ⅴ sPLA2 not only decreased 
PAF and LXA4 (LX A4) but also resulted in a reduction 
in cPLA2 and COX-2 activities. These results suggest 

that sPLA2-derived PAF and LXA4 induce COX-2 and 
type Ⅳ cPLA2. IL-1β induced cPLA2 expression. This 
suggests that one of  the functions of  IL-1 is not only to 
induce inflammation but also to induce cPLA2 expression 
to initiate resolution of  inflammation[������87,88�].

Synthetic glucocorticoid dexamethasone inhibited 
both cPLA2 and sPLA2 expression, whereas type Ⅳ 
iPLA2 expression is refractory to its suppressive ac-
tions[������89-91�]. Activated iPLA2 contributes to the conversion 
of  inactive proIL-1β to active IL-1β, which in turn in-
duces cPLA2 expression that is necessary for resolution 
of  inflammation.

LXs, especially LXA4 inhibit TNF-α-induced produc-
tion of  ILs, promote TNF-α mRNA decay, TNF-α se-
cretion and leukocyte trafficking and thus attenuated in-
flammation. Based on these evidences, in NAFLD there 
could occur increased formation of  PGE2 and other pro-
inflammatory eicosanoids and decreased production of  
PGD2, 15 deoxyΔ12-14 PGJ2, LXs, resolvins, protectins 
and maresins that have anti-inflammatory action. Defec-
tive function of  sPLA2 and cPLA2, as a result of  which 
decreased release of  AA, EPA and DHA could occur 
that, in turn, leads to reduced formation of  pro-resolving 
and anti-inflammatory PGD2, 15 deoxyΔ12-14 PGJ2, LXs, 
resolvins, protectins and maresins leads to the initiation 
and perpetuation of  NAFLD. 

It is noteworthy that high-fat diet, trans-fats and cho-
lesterol interfere with EFA metabolism by blocking the 
actions of  Δ6 and Δ5 desaturases and thus, decrease the 
levels of  GLA, DGLA, AA, EPA and DHA[������������25,27,32,64�]. As 
a result, the formation of  anti-inflammatory bioactive 
lipids, PGE1, 15 deoxyΔ12-14 PGJ2, LXs, resolvins, protec-
tins and maresins, will also be decreased due to substrate 
deficiency that leads to initiation and perpetuation of  the 
inflammatory process[���������31,32,64�]. On the other hand, insulin 
and diet restriction enhance the action of  Δ6 and Δ5 de-
saturases[���������25,27,92�], augment tissue levels of  GLA, DGLA, 
AA, EPA and DHA that leads to increased formation 
of  PGE1, 15 deoxyΔ12-14 PGJ2, LXs, resolvins, protectins 
and maresins that could ameliorate inflammation and 
NAFLD. 

DEFECT IN THE ACTIVITY OF Δ6 
AND Δ5 DESATURASES AND ANTI-
INFLAMMATORY BIOACTIVE LIPIDS IN 
NAFLD
Based on the preceding discussion, it is proposed that 
patients with NAFLD have low plasma and hepatic lev-
els of  AA, EPA and DHA due to decreased Δ6 and Δ5 
desaturases, reduced formation of  PGD2, 15 deoxyΔ12-14 
PGJ2, LXs, resolvins, protectins and maresins as a result 
of  substrate deficiency, and a defect in the production of  
adequate amounts of  anti-inflammatory cytokines IL-4, 
IL-10 and significantly higher levels of  pro-inflammatory 
molecules PGE2, TXs, LTs and cytokines IL-6, and 
TNF-α compared to normal healthy controls. It is also 
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possible that there may be a direct correlation between 
the concentrations of  pro-inflammatory and anti-inflam-
matory molecules and the degree of  NAFLD. 

In a study, patients with dyslipidemia (Fredrickson 
type Ⅱb), who had asymptomatic persistent transaminas-
emia lasting 24 wk and evidence of  hepatic fat infiltration 
on ultrasonography and liver biopsy, were studied with 
regard to the efficacy and safety of  ω-3 fatty acids (rich 
in EPA and DHA), atorvastatin, an HMG-CoA reductase 
inhibitor, and orlistat, which inhibits both gastric and 
pancreatic lipases in the enteric lumen, and it was found 
that all three drugs were effective[���93�]. It may be mentioned 
here that both ω-3 fatty acids EPA and DHA and HMG-
CoA reductase inhibitors are known to have anti-inflam-
matory actions (reviewed in 25, 27, 32) that may explain 
their beneficial action in NAFLD. The role of  PUFAs 
in NAFLD is further supported by the observation that 
reductions in AA in free fatty acids, triacylglycerol and 
phosphatidylcholine and a decrease in EPA and DHA 
in diacylglycerol fractions in the liver biopsy specimens 
occurred[���94�]. These results reiterate the proposal that defi-
ciency of  AA, EPA and DHA occurs even in the hepatic 
tissue in NAFLD. 

Further support to the role of  PUFAs and their 
pro- and anti-inflammatory products and pro- and anti-
inflammatory cytokines in the pathobiology of  NAFLD 
is derived from studies performed using mice in which 
12/15-LO gene (Alox 15) has been disrupted. 12/15-LO 
is a member of  the lipoxygenase family that converts AA 
into lipid mediators such as 12-HETE and 15-HETE[���95�]. 
12/15-LO products have pro-inflammatory actions and 
activate nuclear factor κB and c-Jun amino-terminal 
kinase and stimulate the expression of  proinflamma-
tory cytokines[������96,97�]. It is known that 12/15-LO plays an 
important role in the metabolic syndrome, which is a 
low-grade systemic inflammatory condition[�������98-104�]. Disrup-
tion of�������������������    �������������� ������������   ������������������   �������������� ������������  gene encoding for 12/15-LO (Alox15) in mice 
delayed the onset of  atherosclerosis[��������105,106�], were resistant 
to the development of  streptozotocin-induced and auto-
immune diabetes[��������107,108�] and protected from high-fat diet-
induced obesity and metabolic consequences, including 
adipose tissue inflammation and insulin resistance[��������109,110�]. 
Conversely, transgenic mice overexpressing 12/15-LO in 
cardiomyocytes displayed exacerbated cardiac inflamma-
tion and fibrosis and more advanced heart failure[����111�].

In the ob/ob mice, an obesity model of  insulin resis-
tance and fatty liver disease, supplementation of  EPA 
and DHA improved insulin-sensitivity in adipose tissue 
and liver, upregulated hepatic PPAR-γ, glucose trans-
port (GLUT-2/GLUT-4) and insulin receptor signaling 
(IRS-1/IRS-2) genes, increased adiponectin levels and 
induced AMPK phosphorylation, a fuel-sensing enzyme 
and a gatekeeper of  the energy balance. Hepatic steatosis 
was alleviated by ω-3-PUFAs in this animal model as a 
result of  increased formation of  resolvin E1 and protec-
tin D1. Both resolvin E1 and protectin D1 mimicked the 
insulin-sensitizing and antisteatotic effects of  ω-3-PUFAs 
and induced adiponectin expression[����112�]. These results 

lend direct support to the proposal that ω-3 PUFAs and 
their anti-inflammatory products LXs and resolvins pre-
vent obesity-induced insulin resistance and NAFLD. Fur-
thermore, obese subjects who are more prone to develop 
NAFLD are known to have decreased hepatic Δ6 and Δ5 
desaturase activity[����113�] that may, in turn, lead to decrease in 
the hepatocyte content of  AA, EPA and DHA that form 
precursors to anti-inflammatory LXs, resolvins and pro-
tectins. Park et al[����114�] showed that long-term use of  ezeti-
mibe (for 24 mo), a lipid-lowering drug, significantly im-
proved metabolic parameters including visceral fat area, 
fasting insulin, homeostasis model assessment of  insulin 
resistance, triglycerides, total cholesterol, low-density lipo-
protein cholesterol, oxidative-LDL, the net electronega-
tive charge modified-LDL, profiles of  lipoprotein particle 
size and fatty acids component, estimated desaturase 
activity and lowered serum alanine aminotransferase and 
high-sensitivity C-reactive protein levels in patients with 
NAFLD. It is noteworthy that these patients also showed 
an increase Δ5 desaturase activity indicating that plasma 
and hepatic levels of  AA, EPA and DHA, the precursors 
of  LXs, resolvins and protectins, have increased. On the 
other hand, Fujita et al[����115�] showed that antiplatelet drugs, 
aspirin, ticlopidine and cilostazol, significantly attenuated 
liver steatosis, inflammation and fibrosis in the Fisher 
344 male rats that were given a choline-deficient, l-amino 
acid-defined (CDAA) diet with high-fat high-calorie diet 
that induced NAFLD. It may be noted here that aspirin 
enhances the formation of  LXA4 as discussed above, 
suggesting that perhaps, enhanced formation of  LXA4 is 
responsible for the beneficial action observed.

It was reported[����116�] that increased PGE2 produced 
in Kupffer cells attenuated insulin-dependent glucose 
utilization by interrupting the intracellular signal chain 
downstream of  the insulin receptor in hepatocytes. In 
addition, PGE2 stimulated���������������������������     ��������������������������   oncostatin M��������������   ������������� (OSM) produc-
tion by Kupffer cells that, in turn, attenuated insulin-
dependent Akt activation and inhibited the expression 
of  key enzymes of  hepatic lipid metabolism. Since both 
COX-2 and OSM mRNA are induced early in the course 
of  the development of  NAFLD and NASH, it indicates 
that induction of  OSM production in Kupffer cells by an 
autocrine PGE2-dependent feed-forward loop may be an 
additional mechanism that contributes to hepatic insulin 
resistance and the development of  NAFLD and NASH. 
The importance of  activation of  Kupffer cells in NASH 
and NAFLD lies in the fact that the metabolic abnormal-
ities seen in these conditions in the form of  insulin re-
sistance and low-grade systemic inflammation could lead 
to enhanced release of  free fatty acid flux and changes 
in adipocytokines production such as leptin, adiponec-
tin and IL-6 as discussed above. As a result, the nuclear 
transcription factor peroxisome proliferator-activated 
receptor γ and the endocannabinoid system (that are 
also formed from AA) are activated that may predispose 
to the development of  liver���������  ��������fibrosis[��������117,118�]. Hence, early 
identification and management of  NASH and NAFLD is 
important.
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CONCLUSION
NAFLD is associated with decreased levels of  AA, EPA 
and DHA and their anti-inflammatory products PGE1, 
PGD2, LXs, resolvins and protectins with a concomitant 
increase in pro-inflammatory cytokines IL-6 and TNF-α 
and bioactive lipids PGE2, LTs and TXs. The low levels 
of  AA, EPA and DHA could be a result of  decreased 
activity of  Δ6 and Δ5 desaturases. In view of  this, adminis-
tration of  AA/EPA/DHA and/or more stable synthetic 
analogues of  LXs, resolvins and protectins may prove to 
be useful in the prevention management and assessing 
prognosis of  NAFLD and possibly other inflammatory 
diseases[���91�]. This proposal can be verified by estimating 
plasma, liver and adipose tissue content of  AA, EPA, 
DHA, LXs, resolvins and protectins and the activity of  
Δ6 and Δ5 desaturases to the stage and activity of  NASH 
and NAFLD. Periodic estimation of  plasma, adipose and 
hepatic content of  various PUFAs, LXs, resolvins and 
protectins and the activity of  Δ6 and Δ5 desaturases and 
correlating them to the response to treatment is recom-
mended. It is predicted that those in whom the plasma, 
adipose and hepatic content of  various PUFAs, LXs, 
resolvins and protectins and the activity of  Δ6 and Δ5 de-
saturases show an increase can be regarded as responding 
favorably to treatment while those in whom there is no 
change or decrease in the levels of  these bioactive lipids 
and activity of  Δ6 and Δ5 desaturases are likely to have 
progressive disease or unresponsive treatment that is be-
ing offered. Such patients need more aggressive therapy. 
Thus, plasma, adipose and hepatic content of  various 
PUFAs, LXs, resolvins and protectins and the activity of  
Δ6 and Δ5 desaturases can be used to predict prognosis of  
NASH and NAFLD.
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Abstract
Patients with type 1 diabetes mellitus are at high risk 
for disordered eating behaviors (DEB). Due to the fact 
that type 1 diabetes mellitus is one of the most com-
mon chronic illnesses of childhood and adolescence, 
the coexistence of eating disorders (ED) and diabe-
tes often affects adolescents and young adults. ������Since 
weight management during this state of development 
can be especially difficult for those with type 1 diabe-
tes, some diabetics may restrict or omit insulin, a con-
dition known as diabulimia, as a form of weight control. 
It has been clearly shown that ED in type 1 diabetics 
are associated with impaired metabolic control, more 
frequent episodes of ketoacidosis and an earlier than 
expected onset of diabetes-related microvascular com-
plications, particularly retinopathy. The management 
of these conditions requires a multidisciplinary team 
formed by an endocrinologist/diabetologist, a nurse ed-
ucator, a nutritionist, a psychologist and, frequently, a 
psychiatrist. The treatment of type 1 diabetes patients 
with ���������������������������      ���������������� DEB �����������������������     ���������������� and ED should have the following compo-
nents: �����������������������������������������������    diabetes treatment, nutritional management and 
psychological therapy. ���������������������������������      A high index of suspicion of the 
presence of an eating disturbance, particularly among 
those patients with persistent poor metabolic control, 
repeated episodes of ketoacidosis and/or weight and 

shape concerns are recommended in the initial stage of 
diabetes treatment, especially in young women. Given 
the extent of the problem and the severe medical risk 
associated with it, more clinical and technological re-
search aimed to improve its treatment is critical to the 
future health of this at-risk population. 
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INTRODUCTION
Diabetes mellitus has been found to be the sixth leading 
cause of  death for those living in the United States, af-
fecting the young and old people at an alarming rate[1]. 
Type 1 diabetes typically has an early onset in life but can 
occur at any age. ���������  �������������������   ������������  As the majority of  patients with type 1 
diabetes are children or adolescents, the nutritional anom-
alies have important consequences. ����������������   �����To be diagnosed with 
diabetes represents a very hard experience that requires 
subsequent psychological adaptation. Unfortunately, this 
often does not occur and is followed by frustration and 
the non-acceptance of  the disease.

The management of  diabetes and its associated health-
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risk factors are often complex and require considerable 
patient education and frequent medical monitoring[2]. The 
participation of  patients is basic in order to obtain a cor-
rect degree of  metabolic control; however, this carries a 
considerable amount of  stress as a consequence. People 
on insulin must learn how to regulate their blood sugars 
by monitoring blood glucose levels daily while carefully 
attending to their food intake and an exercise regimen. 
Careful blood glucose monitoring is necessary to prevent 
wide variations in blood sugars that affect both short and 
long term health and functioning. Hypoglycemia reac-
tions are a concern in the short run not only because they 
are frightening and disruptive, but also because, when se-
vere, they can lead to unconsciousness, coma and death[3].

The three diagnostic forms of  eating disorders (ED) 
are Anorexia Nervosa, Bulimia Nervosa and Eating Dis-
order Not Otherwise Specified. Common to all three is a 
core problem in which self-evaluation is unduly influenced 
by body weight or shape. According to the Diagnostic and 
Statistical Manual of  Mental Disorders 4th Ed[4], Anorexia 
nervosa is an eating disorder characterized by refusal to 
maintain a healthy body weight and an obsessive fear of  
gaining weight. It is often coupled with a distorted self  
image which may be maintained by various cognitive 
biases that alter how the affected individual evaluates and 
thinks about her or his body, food and eating. Bulimia 
nervosa is characterized by binge eating, or consuming a 
large amount of  food in a short amount of  time, followed 
by an attempt to rid oneself  of  the calories consumed, 
usually by purging (vomiting) and/or by laxatives, diuretics 
or excessive exercise. ED Not Otherwise Specified are 
described as disorders of  eating that do not meet the 
criteria for any specific eating disorder. 

Type 1 diabetic patients have a high risk of  suffer-
ing from ED as these patients have to select the food 
they eat carefully in an early period of  their develop-
ment and because both entities, type 1 diabetes and ED, 
often affect adolescents and young adults. Furthermore, 
adolescents with type 1 diabetes also suffer from other 
anomalies related to their eating behavior since they com-
monly diet or exercise to control weight and to overcome 
body dissatisfaction. Other adolescents, mainly girls, may 
present more severe misbehaviors such as splitting insulin 
doses or restricting food intake in order to reduce their 
body weight, bingeing and purging, using laxatives or ad-
hering to an overly strict exercise regimen. All the above 
mentioned misbehaviors are called ������������������ d����������������� isordered �������e������ating 
b�������������� ehaviors (DEB�)[5,6].

 In this study, we will review these psychological 
anomalies suffered by type 1 diabetic patients, especially 
DEB������������������������������������������������          and ED, and also discuss some aspects of  their 
forms of  presentation, management and prevention.

EPIDEMIOLOGY OF DISORDERED EATING 
BEHAVIOR AND ED IN TYPE 1 DIABETIC 
PATIENTS� 
Disordered eating behavior is common in young women 

living in westernized countries where thinness is valued 
and dietary restraint is pursued[7]. Prevalence studies in 
North America indicate that full syndrome bulimia ner-
vosa may be found in 1%-3% of  adolescents and young 
adult women and subthreshold disorders are even more 
common[8,9]. The rates of  these disorders are lower but 
rising in less-westernized countries such as in Asia and 
Africa as Western attitudes towards weight and shape be-
come more pervasive[10-12]. However, survey findings in-
dicate that the number of  subjects with ED or abnormal 
eating attitudes has increased significantly during the past 
three decades in non-Western countries. 

In Japan, the rate of  ED ranges from 0.025% to 0.2% 
for Anorexia Nervosa and from 1.9% to 2.9% for Buli-
mia Nervosa[13]. Nasser[14] in Cairo reported that the esti-
mated prevalence of  Bulimia Nervosa was 1.2% among 
the school girls and, using the same type of  survey as 
the one used in Cairo, investigators estimated that 3.2% 
of  Iranian school girls suffer from Bulimia Nervosa. 
Buhrich[15] reported that 0.05% of  the psychiatric pa-
tient samples in Malaysia were diagnosed with Anorexia 
Nervosa and this prevalence rate had not increased for 
15 years. Differences in the prevalence of  ED varies ac-
cording to different ethnic groups[16,17]. However, a study 
found that ethnic differences in eating disorder symptoms 
disappeared when body mass index was controlled[18]. At 
present, there is no information on the effect of  culture 
and race on ED in people with diabetes. 

The risk of  eating disturbances has been postulated 
to be higher in type 1 diabetic patients than in the general 
population due to multiple interacting factors related to 
diabetes and its treatment[19,20]. Diabetes management im-
poses some degree of  perceived dietary restraint, particu-
larly patients who eat according to a predetermined meal 
plan rather than in response to internal cues for hunger 
and satiety. Such neglect of  internal cues may contribute 
to dietary dysregulation in susceptible individuals[21]. The 
relationship between higher weight and disordered eating 
behavior presents a management dilemma for clinicians, 
since both dietary restraint and higher weight are clear 
risk factors for the development of  ED and their nega-
tive health consequences. 

BEHAVIORAL ANOMALIES ASSOCIATED 
WITH BODY WEIGHT OR SHAPE DISSAT-
ISFACTION IN TYPE 1 DIABETICS� 
The association of  chronic illness, such as type 1 diabe-
tes, asthma, attention deficit disorder, physical disabilities 
and seizure disorders, with disordered eating behavior is 
well known[5,6]. 

By controlling diabetes with insulin injections, many 
diabetics face a constant struggle with their weight[22]. As 
insulin encourages fat storage, many people with type 1 
diabetes have discovered the relationship between reduc-
ing the amount of  insulin they take and their correspond-
ing weight loss[23]. It is well-known that adolescents with 
type 1 diabetes tend to exhibit increased difficulty in 

190 November 15, 2011|Volume 2|Issue 11|WJD|www.wjgnet.com



maintaining optimal weight and also are more inclined to 
be concerned about their weight than their non-diabetic 
counterparts[24].

Since weight management during this state of  devel-
opment can be especially difficult for those with type 1 
diabetes, some diabetics may restrict or omit insulin, a 
condition known as diabulimia, as a form of  weight con-
trol[25-27]. In a study that looked at 143 adolescents with 
type 1 diabetes who completed the Assessing Health and 
Eating among Adolescents with Diabetes survey, un-
healthy weight control practice was observed in 37.9% of  
females and 15.9% of  males. Among the females, 10.3% 
reported skipping insulin and 7.4% reported taking less 
insulin to control their weight[28]. Only one male reported 
doing either of  these behaviors. In another 4����������� ��-���������� ��year follow-
up study of  91 girls with diabetes aged 12 to 18, dieting 
was reported by 38% of  the sample, binge eating by 45%, 
insulin omission by 14% and self-induced vomiting by 8% 
at baseline. These behaviors were even more common at 
follow-up, when most of  the girls were at the age of  the 
highest risk for ED. At this time, more than half  of  the 
sample reported dieting for weight loss and binge eating 
and one-third reported deliberate insulin omission to pre-
vent weight gain[29]. 

In general terms, it is estimated that between 30% and 
40% of  adolescents and young adults with diabetes skip 
insulin after meals to lose weight[30].

CONSEQUENCES OF DISORDERED 
EATING BEHAVIORS IN TYPE 1 DIABETICS
A spectrum of  severity of  disturbance of  eating habits 
and attitudes and subthreshold eating problems, seen as 
relatively mild in non diabetic patients, can give rise to 
clinically important disturbances of  self-care and glyce-
mia control in diabetics. In general terms, glycosilated 

hemoglobin was higher in patients with diabetes who had 
ED compared with those with diabetes without ED[29-31]. 

The lack of  proper insulin treatment in type 1 diabet-
ics may lead to many harmful physical effects. Reducing 
insulin to lose weight increases the risk of  dehydration, 
break down of  muscle tissue and high risk of  developing 
infections and fatigue. If  this behavior continues, it may 
also result in kidney failure, eye disease leading to blind-
ness[32,33], vascular disease and even death[34].

ED in type 1 diabetics have been clearly shown to be 
associated with impaired metabolic control[29,35-39], more 
frequent episodes of  ketoacidosis[40] and an earlier than 
expected onset of  diabetes-related microvascular com-
plications, particularly retinopathy[29,38,41-43]. Furthermore, 
disordered eating status was more predictive of  diabetic 
retinopathy than the duration of  diabetes, which is a well-
established risk factor for microvascular complications[44]. 
Furthermore, ED in type 1 diabetic patients is associated 
with high mortality[45].

Regarding mortality, an 11-year follow-up study re-
ports that insulin restriction conveyed more than a three-
fold increased risk of  mortality in type 1 diabetic patients 
after controlling for age, body mass index and HbA1c 
values. Age of  death was younger among insulin restric-
tors, with a mean age of  death of  45 years, as compared 
to 58 years among those reporting appropriate insulin 
use[46] (Figure 1).

MANAGEMENT OF EATING BEHAVIORAL 
ANOMALIES IN TYPE 1 DIABETICS
Despite the fact that little research has been done to de-
termine the best treatment approaches for the problem 
of  type 1 diabetic patients with ED or disordered eat-
ing behavior, a multidisciplinary care team is considered 
the standard to treat these people. Such a team should 
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Figure 1  Consequences of reducing or skipping insulin doses in type 1 diabetes patients.
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include an endocrinologist/diabetologist, a nurse educa-
tor, a nutritionist with ED and/or diabetes training and a 
psychologist or social worker to provide weekly therapy. 
Depending on the severity of  related psychiatric symp-
toms, such as depression and anxiety, a psychiatrist for 
psychopharmacological evaluation and treatment should 
also be consulted. Team members must be allowed to 
frequently and openly communicate with each other to 
maintain congruent treatment approaches, messages and 
goals. 

The treatment of  type 1 diabetes patients with disor-
dered eating behavior and ED have the following com-
ponents.

Diabetes treatment
The diabetes team has the important responsibility of  
monitoring insulin regimens and providing education 
about diabetes management and potential complications 
to patients and families[47]. The traditional approaches to 
poor blood glucose control involving a stricter and more 
intensive monitoring of  the diabetic management may 
increase the risk for disordered eating[20]. For this reason, 
a less rigid approach is recommended in the insulin regi-
men and nutrition therapy such as �����������  ���������the dose adjustment 
for normal eating protocol, which is a 5 d training course 
aimed to provide patients with type 1 diabetes the skills 
to fit diabetes into their lives rather than their lives into 
diabetes through daily insulin adjustment together with 
a flexible diet[48]. Lowering the amount of  time spent on 
diabetes management during the day may help to lessen 
stress associated with the diabetes, which may in turn 
help alleviate disordered eating behavior. Krakoff[47] sug-
gested that self-destructive insulin manipulation within 
the context of  an ED may also be an indirect call for 
help, signaling the need for more parental/adult interven-
tion in patient’s physical and mental health. 

Trento et al[49] suggest that offering a carbohydrate 
counting program within a group care management ap-
proach may help patients with type 1 diabetes acquire 
better self-efficacy and to restructure their cognitive and 
lifestyle potential.

Technological advances can also be used to address 
specific treatment issues seen in these patients. For ex-
ample, the first challenge that most patients face is weight 
gain associated with insulin restart. Patients need to be 
taught to indentify insulin edema, which may make them 
feel fat, bloated and uncomfortable, as temporary water 
retention that is different from the development of  fatty 
tissue. Special tools designed to measure water-related 
weight vs lean muscle mass vs fat mass could help patients 
tolerate the temporary weight gain related to edema[46]. 
Additionally, newer insulin analogs show evidence of  im-
proving weight profiles which could be of  help[50,51].

Nutritional management
The dietician must balance the difficult tasks of  provid-
ing diabetes education, ED education, writing meal plans 
and defining weight goals for patients and families[47,52]. 

The challenge presents when trying to balance the goal 
of  slow weight gain and/or maintenance with diabetes 
meal planning. As the patient continues to increase calo-
rie intake, insulin doses will need to be adjusted to match 
the amount of  food eaten, avoiding hyperglycemia. Es-
tablishing a realistic goal of  good blood glucose control 
is recommended instead of  optimal blood glucose levels 
(���������������������   �����������������������������     that means levels between 70 and 130 mg/dL before 
meals and less than 180 two hours after starting a meal, 
with a glycated hemoglobin (A1C) level less than 7 per-
cent[53])�����������������    �����������������������������������      as the body readjusts to refeeding and the patient 
begins to benefit from psychotherapy. Multiple daily in-
jections regimens that use insulin to carbohydrate ratios 
provide greater flexibility with meal times and amounts 
of  food but do require increased blood glucose monitor-
ing and insulin injections. Such intense diabetes manage-
ment may increase the potential for disordered eating as 
the child or adolescent must think constantly about the 
effects of  food, insulin and exercise on his or her blood 
glucose levels. This may not be an ideal approach to dia-
betes meal planning during the treatment and recovery 
from the ED. As the individual’s physical and psychologi-
cal health improves, the incorporation of  more flexible 
meal-planning strategies may be useful. Care profession-
als, including nutrition therapists and diabetes educators, 
should be sensitive to weight-related changes and con-
cerns in youths with type 1 diabetes. It is important for 
all health care professionals to be aware that weight loss 
may be related to glycemia control.

Psychological therapy
Psychoeducation is a useful method to aid the patient 
to develop skills that will help him or her to cope with a 
chronic disease. Therefore, it can be helpful in type 1 dia-
betic patients who have difficulties accepting the disease.

Individual psychotherapy, group and family therapy 
are the most common ways to treat ED[54]. There are no 
studies showing the best psychotherapy modality for pa-
tients with type 1 diabetes and ED or disordered eating 
behavior. Some authors propose individual therapy to 
help patients to recover from ED and diabetes misman-
agement[47]. Adolescents with type 1 diabetes often strug-
gle with emotional issues related to having the illness and 
use an ED as a maladaptive coping mechanism. Indi-
vidual therapy can help patients to develop more healthy 
coping strategies. Often families of  patients with diabetes 
and ED have not adequately coped with the feelings of  
grief  related to having a chronic illness in the family and 
thus they have not adequately supported the patient with 
diabetes. Dysfuntional family dynamics can exacerbate 
difficulties of  adjusting to the illness and of  resolving is-
sues of  grief  and loss associated with the diagnosis. Fam-
ily therapy is recommended to help the family to develop 
more functional ways of  relating and in addressing issues 
of  grief  and loss that may be contributing to ED symp-
toms.

A psychiatric intervention is recommended to make 
a comprehensive mental health evaluation and to explore 
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the factors that might contribute to the eating disorder. 
The psychiatrist is also skilled in identifying and treating 
young people who may have other treatable problems 
such as depression, anxiety or substance abuse. Psycho-
pharmacological agents such as fluoxetine and topiramate 
are useful to treat anxiety and binge eating episodes[52,55] 
(Figure 2).

PREVENTION
Since most type 1 diabetic patients do not admit to hav-
ing an ED, this condition is commonly detected first by 
health care professionals[56]. The diabetes team may be 
the first to discover ED and can play a crucial role in rec-
ommending proper treatment to the patient and family. 
It is unlikely that diabetes management will improve until 
appropriate treatment begins for the concurrent ED.

Clinic-based group interventions for young women 
with diabetes and disordered eating behavior may be 
the most practical and nonstigmatizing approach to pre-
vention and early intervention for this problem. Rigid 
approaches to the dietary management of  diabetes can 
contribute to the development of  disordered eating 
behavior. For these reasons, less intensive regimens are 
recommended in the initial stage of  diabetes treatment, 
especially in young women[57-59]. 

It is recommended that the health care professionals 
who treat young women with type 1 diabetes maintain 
a high index of  suspicion for the presence of  an eat-
ing disturbance, particularly among those patients with 

persistent poor metabolic control, repeated episodes of  
ketoacidosis and/or weight and shape concerns[20,60].

Screening for ������������������������     �������������  DEB���������������������     �������������   in type 1 diabetics would be the 
best approach for early detection of  behavioral abnor-
malities in these patients; however, a validated screening 
tool is not available yet[60]. Recently, Markowitz et al[61] 
proposed a 16 item diabetes-specific self-reported mea-
sure of  disordered eating as a brief  screening tool for 
disordered eating in diabetes.�������������������������      The revised 16 item Dia-
betes Eating Problem Survey is a self-report measure of  
disordered eating that can be completed in less than 10 
min. It has demonstrated excellent internal consistency, 
construct validity and external validity in a group of  112 
youth with type 1 diabetes[61].

Individual or group interventions aimed to increase 
self-esteem, appearance and body acceptance and family-
based interventions with the objective of  developing 
flexible approaches to food and meal planning may help 
to avoid the development of  disordered eating behavior 
in type 1 diabetic patients (Table 1).

CONCLUSION
Today it is well-known that �������������������������   DEB����������������������    and subthreshold dis-
ordered ED are more prevalent in girls with type 1 
diabetes than their peers without diabetes. Full estab-
lished disordered eating behavior and ED are difficult to 
manage, requires a multidisciplinary team formed by an 
endocrinologist/diabetologist, nurse educator, nutrition-
ist, psychologist and, frequently, a psychiatrist. The best 
psychological methods to treat these anomalies are not 
determined yet. Results of  the treatment of  these entities 
from experienced health professionals are not available 
yet. The key for the management is early diagnosis and 
treatment. Therefore, it is important that the staff  of  the 
diabetes team who treats these patients should know the 
relationship between poor diabetes metabolic control and 
intentional misuse of  insulin or the recommended diet to 
control weight gain. 

ED in type 1 diabetic patients represent some of  the 
most complex patient problems to be treated both medi-
cally and psychologically. Given the extent of  the prob-
lem and the severe medical risk associated with it, more 
clinical and technological research aimed to improve its 
treatment is critical to the future health of  this at-risk 
population. 
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Abstract
Maternal diabetes constitutes an unfavorable environ-
ment for embryonic and fetoplacental development. 
Despite current treatments, pregnant women with 
pregestational diabetes are at increased risk for con-
genital malformations, materno-fetal complications, 
placental abnormalities and intrauterine malprogram-
ming. The complications during pregnancy concern the 
mother (gravidic hypertension and/or preeclampsia, ce-
sarean section) and the fetus (macrosomia or intrauter-
ine growth restriction, shoulder dystocia, hypoglycemia� 
and respiratory distress). The fetoplacental impairment 
and intrauterine programming of diseases in the off-
spring’s later life induced by gestational diabetes are 
similar to those induced by type 1 and type 2 diabetes 
mellitus. Despite the existence of several developmen-
tal and morphological differences in the placenta from 
rodents and women, there are similarities in the altera-
tions induced by maternal diabetes in the placenta from 
diabetic patients and diabetic experimental models. 
From both human and rodent diabetic experimental 

models, it has been suggested that the placenta is a 
compromised target that largely suffers the impact of 
maternal diabetes. Depending on the maternal meta-
bolic and proinflammatory derangements, macrosomia 
is explained by an excessive availability of nutrients and 
an increase in fetal insulin release, a phenotype related 
to the programming of glucose intolerance. The de-
gree of fetal damage and placental dysfunction and the 
availability and utilisation of fetal substrates can lead 
to the induction of macrosomia or intrauterine growth 
restriction. In maternal diabetes, both the maternal 
environment and the genetic background are important 
in the complex and multifactorial processes that induce 
damage to the embryo, the placenta, the fetus and 
the offspring. Nevertheless, further research is needed 
to better understand the mechanisms that govern the 
early embryo development, the induction of congenital 
anomalies and fetal overgrowth in maternal diabetes.

© 2011 Baishideng. All rights reserved.
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creased risk of  maternal and neonatal morbidity and re-
mains a significant medical challenge. 

Diabetes during pregnancy may be divided into clinical 
diabetes (women with previously diagnosed with type 1 
or type 2 diabetes) and gestational diabetes. The Ameri-
can Diabetes Association defines gestational diabetes as 
“any degree of  glucose intolerance with onset or first 
recognition during pregnancy”, but provides diagnostic 
thresholds for fasting and post-glucose loading values. 
The International Association of  Diabetes in Pregnancy 
Study Groups recently published a consensus derived 
from the Hyperglycemia Adverse Pregnancy Outcome 
study data, suggested that all pregnant women without 
known diabetes should have a 75 g oral glucose tolerance 
test at 24-28 wk of  gestation[��1�]. Gestational diabetes would 
be diagnosed if  one or more values met or exceeded the 
following levels of  glucose: fasting 5.1 mmol/��� ���������  L�� ���������  , 1 h post 
glucose 10.0 mmol/�����������������������      ��������� ���L ���������������������     ��������� ���and 2 h post glucose 8.5 mmol/���L��. 

While diabetes in pregnancy is associated with in-
creased obstetric risk compared with normal pregnancy, 
the overall contribution of  diabetes to most obstetric and 
neonatal complications on a population basis is low, with 
the largest impact being on shoulder dystocia. Except 
malformations, which are likely to have resulted from 
preconceptional or periconceptional hyperglycemia, im-
provements in obstetric practice have led to major reduc-
tions in adverse outcomes. Prepregnancy care for women 
with diabetes was introduced a long time ago and is as-
sociated with improved pregnancy outcomes. However, 
overall pregnancy outcomes remain very poor for women 
with diabetes with only a third receiving prepregnancy 
care. The importance of  other metabolic factors, such as 
obesity and hypertriglyceridemia, in pregnancy are also 
now increasingly being recognized.

As well as its effects on perinatal outcomes, the in-
trauterine environment is a key determinant of  child and 
adult health, particularly of  conditions associated with 
metabolic disturbances[����2-4�]. Aberrant fetal growth has 
been linked to the development of  metabolic diseases 
in later life, with many authors describing J or U-shaped 
curves linking both low and high birth weights with these 
conditions[����5,6�].

The diabetic intrauterine environment affects the off-
spring of  women with all types of  diabetes mellitus� ������ (DM)��. 
Therefore, type 2 diabetes is very often associated with 
obesity. It is possible that changes in placental structure 
and function may exist in obesity independently of  diabe-
tes. But, at this time, we do not have sufficient data in the 
literature to distinguish between what is related to obesity 
or to diabetes. The offspring of  women with diabetes 
during pregnancy is at higher risk of  developing hyper-
tension and other cardiovascular disease. The intrauterine 
environment represents a vicious cycle with the offspring 
being at risk of  developing gestational diabetes or dia-
betes at a young age. More recently, it has been evocated 
that environmental signals can alter the epigenetic state 
of  specific genes and modulate their activity. It is possible 
that modulation of  epigenetic states provides a plausi-

ble mechanism by which maternal diabetes can mediate 
known long-term effects on risk for type 2 diabetes for 
the offspring, but we need more information to under-
stand the concept of  programming in maternal diabetes.

PLACENTA IN DIABETES
The placenta is located at the interface between the ma-
ternal and fetal circulation with fundamental functions 
for pregnancy. It has been postulated that the diabetic en-
vironment may have profound effects on placental devel-
opment and function. It is very important to be precise 
that these specific effects will depend on the time period 
in gestation[��7�]. Maternal and fetal hyperglycemias are likely 
to have an impact on the production of  various placental 
proteins. These maternal and fetal hyperglycemiae also 
affect placental metabolism, growth and development. 

Despite the improvement in maternal glycemic con-
trol, structural and functional changes of  the diabetic 
placenta at term may occur independently of  the type 
of  diabetes. In the case of  diabetes, the surface area is 
particularly increased in the periphery of  the villous tree. 
The diffusion distance between the maternal and fetal 
systemic circulations is increased due to a thickening 
of  the trophoblastic basement membrane with higher 
amounts of  collagen, predominantly �����t����ype Ⅳ[��8�].

In type 1 diabetes and in gestational DM �������(������GDM���)��, 
the villous stroma is slightly edematous with an over-
representation of  Hofbauer cells which are the placental 
resident macrophages[��9�]. The increased number of  these 
cells contributes to a higher release of  placental cytokines 
such as leptin, ����������������������  t���������������������  umor necrosis factor-α (����TNF-α)��������   and in-
terleukins, and subsequently modifies placental metabolic 
and endocrine functions[���10�]. Enlargement of  the capillary 
surface area with capillary proliferation and penetration 
of  newly formed vessels has been also described in ma-
ternal diabetes[���11�]. So the result is a hyper-vascularization 
and an increased surface of  exchange that could contrib-
ute to oxygen diffusion across the placenta to compen-
sate for the impaired maternal-fetal transfer of  diffusion-
limited substances.

Placental weight tends to be heavier in diabetes, 
similar to fetal weight, but the weight gain is more pro-
nounced in the placenta than in the fetus, as is reflected 
in a higher placental-to-fetal weight ratio than in normal 
gestation. Placentomegaly is correlated with fetal mac-
rosomia confirming the close correlation of  placental 
weight with that of  the offspring[���12�]. Actually, it is not 
possible to determine if  placental overweight is the cause 
or the consequence of  fetal overweight.

Modification in placental transport
Despite altered expression of  placental glucose trans-
porters, an unchanged transplacental glucose transport 
in GDM has been demonstrated. Taricco et al[���13�] showed 
that there was an unchanged concentration difference 
for glucose in umbilical arteries and veins in GDM. The 
higher flux results from the steeper maternal-to-fetal 
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concentration gradient as the major reason for increased 
glucose across the placenta in diabetes. 

Amino acid transport may be also altered in diabetes[���14�]. 
Changes in placental amino acid transporters are not asso-
ciated with maternal diabetes, but rather with elevated fetal 
weight[���15�]. We do not know if  increased nutrient transport 
will stimulate fetal growth or serve to cover the increased 
fetal nutrient in case of  overgrowth of  the fetus. 

Modification in materno-placental oxygen supply
The placental structure is altered in pregestational and 
gestational diabetes. The surface and exchange areas are 
enlarged as a result of  hyperproliferation and hypervascu-
larization. The underlying mechanisms are unclear but we 
can not exclude the role of  the maternal hyperglycemia 
associated with other maternal factors[���16�].

In diabetes, it has been shown that the maternal-placen-
tal oxygen supply is reduced[���17�]. In addition to impaired 
oxygen supply, fetal oxygen demand is increased. This 
phenomenon could be explained by aerobic metabolism 
which is stimulated by fetal hyperinsulinemia. The result-
ing low fetal oxygen levels upregulate the transcription 
synthesis of  proangiogenic factors such as leptin, vascular 
endothelial growth factor (VEGF) or fibroblast growth 
factor 2 (FGF2)[������18,19�]. In excess, these factors promote 
placental endothelial cell proliferation. In GDM and in 
t���������   �������� ��������������������������������������     ype 1 DM (T1DM), alterations in fetal levels of  proang-
iogenic [VEGF, FGF2, leptin, OGF1, insulin-like growth 
factor (IGF)2, hypoxia] or anti-angiogenic (TNF-α) fac-
tors have been reported. Both types of  diabetes are char-
acterized by enhanced vascularisation.

The diabetic milieu will have an influence on placental 
development and function especially during the first tri-
mester. In this period, the placental structures are formed 
and the placenta is more sensitive to modifications. The 
hyperglycemia can induce a reduction of  trophoblast 
proliferation which delays placental growth and devel-
opment, especially in the first gestational weeks[���20�]. This 
mechanism could explain the higher incidence of  spon-
taneous abortion, pre-eclampsia and intrauterine growth 
restriction associated with diabetes, and suggest impaired 
trophoblast invasion[���21�].

More recently, it has been shown that placental ex-
pression and activity of  the matrix metalloproteinases 
(MMPs) as MMP14 and MMP15 are elevated in diabetes, 
especially in type 1 diabetes induced by maternal hyper-
insulinemia and TNF-α[���21�]. MMP14 and MMP15 are pro-
teases which are involved in tissue remodeling processes 
associated with invasion, angiogenesis and proliferation. 
The active form of  placental MMP14 is elevated in dia-
betes. It is possible that hypoxic situations in the villous 
placental structure may be implicated as a cause of  in-
creased MMP14 activity. 

SUITABLE ANIMAL MODELS ARE 
NEEDED TO STUDY DIABETES DURING 
PREGNANCY
With regard to diabetes in pregnancy, experimental find-

ings from animal models and particularly rodents were 
developed with the purpose of  enhancing understanding 
of  pathophysiological mechanisms and further finding 
treatment strategies to maintain the closest to normal 
metabolic intrauterine milieu, improving perinatal devel-
opment by preventing fetal growth restriction or mac-
rosomia. Resulting diabetes in various animal species, 
including sheep, pig and rabbit have been described in 
many reviews[������22-25�]. However, the most often used experi-
mental models are rodents (Wistar rat) because of  their 
convenient maintenance, short length of  pregnancy and 
multiparity, thus enabling studies on multiple fetuses and 
generations. The aim of  type 1 and type 2 animal models 
is to reproduce metabolic maternal and fetal effects simi-
lar to pregestational and GDM. But which is the most 
suitable model? It has been shown that children born 
from either pre-existing ������ ����������   ����������� T1���� ����������   ����������� DM, type 2 DM (���������� T2�������� DM) and 
GDM are equally exposed to impaired glucose intoler-
ance[���26�]. How to reproduce the more accurately metabolic 
maternal end neonatal effects of  diabetes? What is the 
most efficient tool? The efficiency of  an experimental 
model is based on the observation of  a stable hyperglyc-
emia throughout gestation. 

We will first distinguish models of  inducing mater-
nal diabetes using chemical agents able to damage the 
maternal β cell with short term consequences in fetuses. 
Secondly, long term induction of  metabolic diseases by 
nutritional changes occurring before and/or during preg-
nancy named fetal programming models. We will then 
expose genetically predetermined diabetes animal models.

Chemical models of diabetes during pregnancy 
C����������������������������������������������������        hemical methods used to induce damage to the pancre-
atic β-cells are obtained through the administration of  
drugs such as streptozotocin (STZ)�.

STZ�: STZ is a potent alkylating agent able to methylate 
DNA and is often used to induce diabetes in experimen-
tal animals due to its toxic effects on pancreatic β-cells[���27�]. 
The nitrosurea moiety of  STZ is responsible for its cel-
lular toxicity, which is probably mediated through a de-
crease in nicotinamide ��������������������������������    (�������������������������������    NAD����������������������������    )���������������������������     levels and the production 
of  intracellular free radicals. Beta cells are particularly 
sensitive to STZ due to their low level of  NAD. Many 
different approaches have been used regarding the mode 
of  injection (intravenous or intraperitoneal), the doses 
(30 to 50 mg/kg) and the stage (pre gestational and gesta-
tional) leading to severe or mild diabetes and subsequent 
opposite fetal phenotypes (intra-uterine growth restric-
tion or macrosomic[������28,29�])���������  �� �������������������������   . In fact, mildly diabetic dams are 
hyperglycemic (glycemia between 120 and 300 mg/d����L���), 
hypoinsulinemic and give birth to macrosomic fetuses. In 
contrast, severely diabetic mothers are insulin deficient, 
hyperglycemic with low body weight and give birth to mi-
crosomic and malformed fetuses. The mechanisms are a 
brutal destruction of  the mother and fetus’s pancreas and 
intrauterine growth restriction is due to lack of  insulin[���30�]. 
The altered maternal-fetal metabolic fuel relationship re-
sulting from diabetes in pregnancy modulates fetal growth. 

198 November 15, 2011|Volume 2|Issue 11|WJD|www.wjgnet.com

Vambergue A et al . Maternal diabetes and feto/placental function



The increase in fetal glucose and insulin availability with 
maternal diabetes is strongly associated with the develop-
ment of  fetal macrosomia but severe ������������������   DM����������������    or diabetes of  
long duration restricts fetal growth. Rat fetal body weight 
correlates positively with maternal glucose in diabetic 
rats with a glucose level less than 220 mg/d�������������   L������������    but it cor-
relates negatively in rats with a level above 220 mg/d���L��.  
Merzouk and Soulimane-Mokhtari[���31�] verified that mildly 
hyperglycemic dams have fetuses that are large for ges-
tational age, classified as macrosomic, but this data has 
been hardly reproduced in other studies[���32�]. ������� �� ������In 2010, other 
authors observed an increase of  placental weight in their 
mildly diabetic rats showing a compensatory mechanism 
to assure the maternal fetal exchanges contribution to fe-
tal development[���33�]. The degree of  fetal damage and pla-
cental dysfunction and the availability and utilization of  
fetal substrates can lead to the induction of  macrosomia 
or microsomia. We observed a U-shaped relationship 
between offspring weight and metabolic changes, like in 
clinical studies.

STZ + ���� ��������� �������N��� ��������� �������AD chemical model��: NAD is an anti oxidant 
molecule that protects the β cell destruction induced by 
STZ. In 1998, Masiello and co-workers developed NAD-
STZ diabetes model induced by STZ and partially pro-
tected with a suitable dose of  ���N��AD[���34�]. In this NAD-
STZ model, the diabetic syndrome shares a number of  
features with human �������������������������������     T2DM���������������������������      such as a stable moderate 
hyperglycemia, glucose intolerance, an altered insulin 
secretion and a reduction in pancreatic β cell mass����� .����  So 
a mild diabetic model might be induced by STZ under 
N�������������� AD protection.

Using ���� ��� ������������� ��������S��� ��� ������������� ��������TZ in experimental models��: Chemical models 
are characterized by a toxic action against β cells leading 
to a destruction of  producing insulin cell without insulin 
resistance. These models mimic a type 1 diabetic state, 
despite the lack of  immunological and genetic disorders. 
Thus, we obtain a type 1 maternal diabetes quite different 
from gestational diabetes which is characterized by a lack 
of  adaptation of  β cells to metabolic changes occurring 
during pregnancy and by an enhanced resistance to insu-
lin.

Nevertheless, some authors have tried to mimic ges-
tational diabetes by varying the doses and the window of  
injection��������   �����������������������    �������  �����������������������   of  STZ (in the neonatal period[������35,36�], before mat-
ing[���37�] or during pregnancy[���38�]). 

Drawbacks of  chemical models��: The efficiency of  a 
model is based on the observation of  a stable hyperglyc-
emia throughout gestation and depends on multiple pa-
rameters such as the dose and mode of  injection (venous 
or peritoneal route)[���38�]. Moreover, the efficiency varies 
according to the sex, with a lower metabolic sensibility 
in females[���39�]. The authors reported a sexual dimorphism 
in insulin sensibility with females being less sensitive to 
insulin than males, leading to a higher susceptibility to the 
rapid development of  a more severe form of  diabetes. 

Females have more islets compared to males: higher insu-
lin rates and lower glucose rates and rat male pancreatic 
β cells are protected by testosterone against STZ induced 
apoptosis[���40�]. In light of  these data, it is clear that we have 
to take into account these variations in experimental 
model settings.

Dietary interventions 
Exposure to an adverse environment in utero programs 
the physiology and metabolism of  the offspring perma-
nently with long term consequences for health[���41�]. This 
is the basis of  the thrifty phenotype hypothesis driven 
from epidemiological studies showing a strong statistical 
link between birth weight, further metabolic syndrome 
and maternal nutrition in a context of  type 2 diabetes[���42�]. 
Nutrition is a key environmental factor and it has been 
shown that inappropriate nutrition in utero has conse-
quences into adulthood[���43�]. We speak about nutritional 
programming as the effect that occurred long after the 
stressor has been removed. Beta cell development is ir-
reversibly damaged by inadequate nutrition during critical 
periods of  fetal development[���44�]. This is a fetus organo-
genesis adaptation to the fetal-placenta unit environment. 

Others studies suggest that the post natal period, 
when catch up growth occurs, may be more important 
than the in utero period[���45�]. The two arguments are now 
taken into account to suggest that a combination of  
intrauterine deprivation followed by accelerated post na-
tal growth induce the highest risk of  further metabolic 
disease. In other words, increased risk of  disease arises 
if  there is an imbalance between pre natal and post natal 
nutritional uptake. This is the basis of  two steps nutri-
tional models. 

We will consider four main nutritional models: high 
fat, low protein, high carbohydrate and two steps nutri-
tional programming model.

High fat diet model��: In humans, consuming a ��������� h�������� igh fat 
diet model ��������������������������������������������       (�������������������������������������������       HFD����������������������������������������       )���������������������������������������        causes an increase in body fat deposi-
tion and a decrease in insulin sensibility which leads to 
insulinoresistance and �����T2DM�.

HFD diet is more representative of  the eating habits 
of  the current society in both the developing and west-
ernized world. Diets rich in saturated fats before and dur-
ing pregnancy may result in pathological manifestations 
in rodents similar to the human condition of  GDM.

Ozaki� et al[���46�] have shown that a diet that includes 
20% fat during pregnancy changes blood pressure in the 
offspring. This is explained by alterations in the fatty acid 
profiles of  the membrane of  the aorta. Fatty acid oxida-
tion inhibits both glucose oxidation and its ability to enter 
cells. HFD increases insulin resistance in rats by secretion 
of  cytokines and TNF in several tissues[���47�]. 

Rats fed with HFD develop obesity, hyperinsulinemia 
and insulin resistance but not frank hyperglycemia and di-
abetes. HFD impairs the glucose signaling system of  the 
β cell and the capacity of  insulin secretion and leads to a 
reduction of  β cell mass and an increased apoptosis[���48�]. 
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Otherwise, by increasing the fat component in the 
diet, the levels of  the other macronutrients would be also 
affected, leading to nutrient deficiencies.

Low protein model:� Low protein diet exposure dur-
ing the first 3 or 6 wk of  life in rats have consequences 
on growth and insulin secretory response[���49�]. During 
pregnancy, these animals are unable to match or adapt to 
insulin request and become glucose intolerant. Authors 
concluded that temporary protein energy malnutrition in 
young rats reduces the ability to increase insulin produc-
tion to meet the needs of  pregnancy.

Glucose regulation is perturbed and glucose and other 
nutrients are transferred to fetuses in increased amounts. 
This stimulates pancreatic β cell growth and insulin se-
cretion and thus the occurrence of  macrosomia in the 
offspring.����������������������������������������������          ���������������������������������������������        The length of  diet exposure has an impact on 
fetus development and physiology. A diet restricted to 
the first week of  gestation leads to hypoglycemic and low 
weight fetuses with a high risk of  further ����T2��DM[���50�]. Diet 
during complete gestation leads to hyperglycemic fetuses 
and permanent β cell alterations such as reducing β cell 
volume and content and consequently the capacity of  in-
sulin secretion[���51�].

Carbohydrate model:� Infusions of  glucose during preg-
nancy in rats lead to a transient hyperglycemia[���52�]. However, 
significant effects on fetuses need repeated injections of  glu-
cose and the window of  injection is important with a posi-
tive effect restricted to early pregnancy. This finding matches 
clinical observations of  macrosomia despite a good glycemic 
control in second trimester. This suggests that metabolic 
control in early pregnancy is an important determinant for 
fetal-placental growth throughout gestation.

Two steps programming nutritional models:� We consid-
er a first step of  restrictive diet (���������������� �� ������f��������������� �� ������ood restriction�� ������,� ������ FR30) 
occurring at the first generation during the 1st period of  
life and gestation, and a second step of  high caloric diet 
submitted to the offspring after birth and weaning. Fe-
tuses of  this second generation will develop a metabolic 
syndrome[���53�].

Pregnant genetically determined diabetes 
Pregnant animals with genetically determined type 
1 diabetes��: The Non Obese Diabetic (NOD) mice and 
Bio Breeding (BB) rats develop spontaneous pre-gesta-
tional diabetes and thus represent good candidates for 
type 1 maternal diabetes models. In common with human 
diabetes, β cells are submitted to an immune attack and 
animals have to be treated with insulin during gestation. 
Stopping insulin treatment induces a loss of  maternal 
weight, ketosis, high rate of  fetus resorption, lower fetal 
weight and higher placental weight[���54�]. Therefore, BB rats 
are a good model for the study of  perinatal morbidity, 
microsomia and malformations. NOD mice develop a 
mild form of  diabetes with macrosomic fetuses and adi-
posity. It has been shown that maternal hyperglycemia is 

not the only causative factor of  macrosomia, partially ex-
plained by a dysregulation of  placental glucose transport-
ers and hexokinase protein production unable to protect 
the fetus from hyperglycemia and hyperinsulinemia[���55�].

Pregnant animals with genetically determined type� 
2-like diabetes��: There are models of  obesity and dia-
betes affecting a common pathway, a defect in the leptin 
receptor (db) and a defect in the leptin gene (ob). The 
deficiency of  leptin has consequences in multiple areas 
of  metabolism, ingestive behavior and reproduction 
(insulin resistance, hyperphagia and infertility). Most 
of  these experimental models at the homozygous state 
are infertile. Therefore, mating heterozygotes animals is 
necessary to inbreeding. Three main models exist: C57 
BIKS Lepr db +and C57Bl/6j mice and Goto-Kakizaki 
rats. Heterozygous Lepr db+ mice are normoglycemic 
before pregnancy and present significant glucose intol-
erance restricted to the gestation period and associated 
with fetal macrosomia[���56�]. After delivery, glycemia reverts 
to a normal state, making Lepr db mice a good model 
for GDM investigation. C57BL/6j mice develop diabetes 
only after a high-fat and sucrose-rich diet. This model 
induced diabetes and obesity with hyperinsulinemia and 
hyperlipidemia, and females return to normal weight and 
glucose tolerance after gestation[���57�]. Goto Kakizaki (GK) 
is a rodent model of  non obese �������������������������    type 2 diabetes����������   that was 
produced by selective breeding of  individuals with mild 
glucose intolerance from a non diabetic Wistar rat colony. 
A stable and heritable DM is obtained by selection of  a 
diabetic line isolated by repeated breeding of  normal ani-
mals[���58�]. These rats are not obese and not hyperinsuline-
mic. Offspring of  GK females is exposed in utero to mild 
diabetes throughout gestation. Fetuses present a reduced 
β-cell mass associated with a lack of  pancreatic reactivity 
to glucose. Thus, maternal mild hyperglycemia might con-
tribute to endocrine pancreas defects in the first offspring 
generation. 

ROLE OF THE INSULIN/INSULIN-LIKE 
GROWTH FACTORS SYSTEM
The insulin/IGF system is implicated in the regulation 
of  fetal and placental growth and development. The feto-
placental expression of  insulin, IGF1, IGF2 and their 
receptors is regulated in a tissue-specific manner and can 
be affected by nutritional and endocrine conditions[���59�]. 
Hiden et al[���60�] have demonstrated that there is a spatio-
temporal change in placental insulin receptor (IR) ex-
pression, suggesting a shift in the regulation of  placental 
insulin effects from mother to fetus. In the first trimester, 
IR is predominantly expressed on the syncytiotrophob-
last facing the maternal circulation, whereas at term, the 
placental endothelial cells facing the fetal circulation are 
the main expression site. The placental IGF1 receptor 
(IGF1R) is mainly expressed on the basal membrane of  
the syncytiotrophoblast. Hence, it is predominantly ac-
cessible for fetal IGF1 and IGF2[���61�]. IGF2 overexpression 
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enhanced fetal growth, whereas targeted disruption of  
the fetal IGF1, IGF2 or IGF1R genes in mice resulted in 
retardation of  fetal growth. 

The IGF-binding proteins (IGFBPs) are important play-
ers in the IGF system. They are key modulators of  the 
ligand-receptor interaction. In humans, the most preva-
lent IGFBPs in fetal plasma and tissue are the IGFBPs 
1-4. The serum of  pregnant women contains the pla-
centa-derived IGFBP3 protease. It cleaves IGFBP3 into 
smaller fragments with lower affinities for IGFs. Decidual 
cells of  the basal plate region express mRNA of  all six 
IGFBPs in the second and third trimester, with IGFBP1 
being the most abundant. In the placenta, IGFBP3 is 
expressed in the extravillous cytiotrophoblasts. Fetal cord 
blood data suggest that these binding proteins may be 
dysregulated by diabetes during pregnancy[���62�]. IGFBP3 
mRNA is increased in maternal ����T1DM[���63�]. In the cord 
blood, increased IGFBP3 levels correlate with IGF1 
levels and the incidence of  macrosomia. This is consist-
ent with the observation that IGF1 and IGFBP3 levels 
directly correlate with birth weight in diseased states[���64�]. 

The endocrine interaction between mother, fetus and 
placenta is exemplified by the effect of  maternal and fetal 
insulin on the placenta. Maternal insulin affects placental 
development via receptors expressed on the microvillous 
membrane of  the syncytiotrophoblast[���21�]. Fetal insulin af-
fects gene expression in endothelial cells from placental 
arteries and veins, which will affect placental develop-
ment. The spatio-temporal change of  IR expression in 
the placenta allows a shift in the control of  insulin regu-
lation from the mother to the fetus. In the first trimester, 
maternal insulin influences the placenta by interaction 
with trophoblast IRs. This may in turn affect the mother 
by secretion of  other factors as cytokines and hormones. 
Later, the fetus takes over control of  insulin-dependent 
placental processes by fetal insulin interacting with pla-
cental endothelial cells.

In addition, in the first trimester, IGF1 and IGF2 
produced by trophoblasts stimulate various processes 
that are involved in trophoblast invasion into the mater-
nal uterus such as invasiveness, migration, MMP2 pro-
duction, proliferation and MT1-MMP expression. Lower 
maternal IGF1 levels in ����������������������������    T1DM �����������������������   may thus contribute to 
impaired trophoblast invasion. Hence, in GDM, trans-
placental amino acid transport and fetal growth may be 
promoted by the diabetes-associated increase in maternal 
concentrations of  growth factors. TNF-α inhibits tro-
phoblast invasion, whereas VEGF, leptin, insulin, IGF1 
and IGF2 promote trophoblastic invasion. Changes can 
also be seen in the fetal circulation. However, the conse-
quences of  these changes for the fetus remain unclear.

ROLE OF LEPTIN
Maternal and fetal hyperleptinemia are well-established 
in diabetes and obesity. The extensive cross-talk between 
insulin and leptin signaling cascades may represent a 
major factor to the diabetes-induced placental changes. 

In humans, leptin levels correlate with adiposity. This 
hormone has different functions such as stimulation of  
angiogenesis, regulation of  hematopoiesis and inflam-
matory response[���65�]. During gestation, maternal leptin 
concentration rises by 30% and the placenta becomes the 
primary leptin source. The leptin receptor is expressed in 
the syncytiotrophoblast. Hauguel-de Mouzon et al[65] have 
shown that leptin induces hCG production, enhances 
mitogenesis, stimulates amino acid uptake and increases 
the synthesis of  extracellular matrix proteins and metal-
loproteinases. So leptin plays a role in the regulation of  
placental growth. However, hyperleptinemia contributes 
to other placental modifications in the case of  diabetes 
as basement membrane thickening owing to its ability to 
alter collagen synthesis[���66�]. 

Hiden et al[���67�] have proposed a hypothetical model for 
diabetes-induced alterations in human placenta. Elevated 
maternal TNF-α and reduced IGF1 levels in T1DM may 
inhibit placental invasion, paralleling a higher incidence 
of  early pregnancy loss in diabetes. Maternal hyperglyc-
emia induces thickening of  the placental basement mem-
brane, hence reducing oxygen transport. Increased levels 
of  placental leptin may even further contribute to the 
excessive extracellular matrix synthesis. Different factors 
elevated in the placenta (IGF2, leptin), maternal (insulin, 
VEGF) or fetal (insulin, IGF1, IGF2, leptin) circulations 
in diabetes promote proliferation and placental growth. 
Placental hypervascularization may be supported by el-
evated levels of  placental IGF2 and leptin, increased fetal 
IGF1, IGF2, leptin, FGF2, and reduced TNF-α, as well 
as fetal hypoxia. These modifications in the feto-placental 
compartment are characteristic of  GDM, overt diabetes 
or both[���67�].

CONCLUSION
Placental structure and function can be changed as a re-
sult of  maternal diabetes. The nature and extent of  these 
changes depend on the type of  diabetes and on the gesta-
tional period. For a complex disease syndrome, no animal 
model can be expected to serve all needs of  research. Al-
though each animal model has limitations and strengths, 
used together in a complementary fashion, they are essen-
tial for research on the metabolic syndrome and for rapid 
progress in understanding the etiology and pathogenesis 
towards a cure. Animal models have shown convincingly 
that diabetes may be transmitted by intrauterine expo-
sure to maternal hyperglycemia. Intrauterine exposure to 
mild hyperglycemia is associated with normal weight or 
macrosomic newborns and IGT at adult age, related to 
a deficient insulin secretion. In contrast, a newborn off-
spring of  severely hyperglycemic mothers is microsomic 
and displays, at adult age, a decreased insulin action. In 
addition, long-term and persistent effects of  gestational 
diabetes on glucose homeostasis in the offspring may be 
transmitted through generations. These data support the 
concept of  programming of  physiological metabolism in 
offspring by manipulating maternal nutrition. It is known 
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that hyperglycemia is not the only causal factor. Mater-
nal and fetal concentrations of  several growth factors, 
hormones and cytokines are altered in diabetes and may 
affect the placenta and the fetal development. It is thus 
necessary to identify the specific biological effects and 
the mechanisms underlying them.
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Abstract
AIM: To study the combinative effects of nanocerium 
and selenium in a murine model of diabetes. 

METHODS: Cerium oxide (CeO2) nanoparticles (60 mg/kg  
per day) and sodium selenite (5 μmol/kg per day) alone 

or in combination, or the metal form of CeO2 (60 mg/kg)  
were administered for 2 wk by intraperitoneal injection 
to streptozotocin-induced diabetic rats. At the end of 
treatment blood was collected, liver tissue dissected and 
then oxidative stress markers, extent of energy deple-
tion and lipid profile were evaluated.

RESULTS: Antioxidant enzymes and high density lipo-
protein decreased whereas oxidative stress, adenosine 
diphosphate/adenosine triphospahte levels, cholesterol, 
triglyceride and low density lipoprotein increased on 
induction of diabetes. All were improved by a combina-
tion of nanocerium and sodium selenite. There was a 
relative amelioration by CeO2 nanoparticles or sodium 
selenite alone, but the metal form of CeO2 showed no 
significant improvement.

CONCLUSION: The combination of nanocerium and 
sodium selenite is more effective than either alone in 
improving diabetes-induced oxidative stress. 

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Diabetes mellitus (DM) is an endocrine-metabolic dis-
order of  increasing occurrence and clinical relevance, 
contributing to high morbidity and mortality rates. DM is 
increasing in the world due to population ageing, urban-
ization and obesity. With regard to the growing incidence, 
the study of  the physiological roots of  DM becomes 
important for the emergence of  novel therapeutic proce-
dures. 

Increased oxidative stress is an important contribu-
tor to the development and progression of  diabetes and 
its complications. Diabetes usually occurs with increased 
production of  free radicals or impaired antioxidant de-
fense[1]. Under diabetic conditions, glucose is prone to 
oxidation resulting in the generation of  hydrogen perox-
ide and reactive intermediates such as the hydroxyl radi-
cal, the most reactive and toxic of  free radicals[2]. 

The liver is the main organ involved in detoxifying 
free radicals and thus oxidative stress in liver happens 
in the early stages of  diabetes. Strategies to reduce the 
formation of  oxidative stress are important in the treat-
ment of  DM[3]. Cerium oxide (CeO2) nanoparticles were 
thought to increase antioxidant power due to their cata-
lytic effect in stimulating superoxide dismutase (SOD) 
activity and detoxifying free radicals by remaining active 
in tissues for extended periods through moving sponta-
neously between the oxidized and reduced state[4]. 

Selenium is an essential trace element that possesses a 
potent antioxidant effect in dysfunctions seen in diabetes[5]. 

Thus, given this knowledge of  the antioxidant poten-
tial of  CeO2 nanoparticles and sodium selenite, and the 
pathophysiology of  diabetes, the present study was aimed 
at evaluating the effects of  these compounds, when used 
alone or in combination, on murine diabetes. 

MATERIALS AND METHODS
Materials
Adenosine diphosphate (ADP) sodium salt, adenosine 
triphospahte (ATP) disodium salt, Tris base, 1,1,3,3-tet-
raethoxypropane (MDA), 5,5��������������������������� ’�������������������������� dithiobis-2-nitro benzoic 
acid (DTNB), methanol [high performance liquid chro-
matography (HPLC)-grade], trichloroacetic acid (TCA), 
potassium hydroxide, diethyl ether, tetrabutylammo-
nium hydroxide, n-butanol, 2-thiobarbituric acid (TBA),  
KH2PO4 (analytical grade), 2,4,6-tripyridyl-s-triazine 
(TPTZ), sodium selenite, H2O2, phosphate buffer solu-
tion (PBS) from Merck (Tehran), 2,7-dichlorodihydro-
fluorescein diacetate from Sigma-Aldrich (Taufkirchen, 
Germany), CeO2 nanoparticles from Navarrean Neno-
products Technology (Spain), streptozotocine (STZ) from 
Pharmacia and Upjohn (United States), SOD kit from 
Randox (United Kingdom) and a SUPELCOSIL™ LC-
18-T HPLC column from SUPELCO (United Kingdom), 
commercial kits for cholesterol, triglyceride, low density 
lipoprotein (LDL), high density lipoprotein (HDL) from 
Parsazmoon (Tehran) and ketamine/xylazin from a local 
pharmacy were used in this study.

Animals and experimental design and sampling 
Male Wistar rats (180-200 g) were used. In vivo studies 
were performed according to ethical guidelines on the 
use of  animals in research and the protocol was approved 
by the TUMS/PSRC review board. Experimental diabe-
tes was induced in fasted rats by a single intraperitoneal 
(ip) injection of  streptozotocin at a dose of  75 mg/kg in  
0.1 mol/L citrate buffer at pH 4.5. Within 1 wk of  injec-
tion, rats showing blood glucose values above 300 mg/dL 
were included in the study.

Animals were randomly divided into six groups with 
six rats in each group. Group 1 rats (normal control 
group) were injected intraperitoneally with normal saline 
(NS) for 2 wk. Group 2 rats (diabetes control group) re-
ceived a single ip injection of  STZ (75 mg/kg) and NS 
for 2 wk. Group 3 rats were injected with treatment STZ 
(75 mg/kg) and the metal form of  CeO2 (60 mg/kg). 
In Group 4 CeO2 nanoparticles (60 mg/kg) were used 
instead of  the metal form of  CeO2. In Groups 5 and 6, 
a single dose of  STZ (75 mg/kg) was used in addition 
to sodium selenite (5 μmol/kg per day) (Group 5) or a 
combination of  sodium selenite (5 μmol/kg per day) and 
CeO2 nanoparticles (60 mg/kg) (Group 6).

For sample preparation, animals were anesthetized with 
an intramuscular (im) injection of  ketamine (4 mg/100 g) 
and xylazine (1 mg/100 g) mixture. Blood was collected 
from the heart into a heparinized syringe. Blood samples 
were centrifuged at 1200 g for 10 min at 4℃ and plasma 
was frozen at -80℃ until use. Liver tissue was dissected 
and stored immediately on ice and then 100 mg of  liver 
was homogenized in PBS (50 mmol/L, pH 7), then cen-
trifuged at 30 000 g for 30 min at 4℃. The supernatant 
was collected and stored at -80℃. Extra liver tissues were 
frozen quickly in liquid nitrogen for further analysis.

Biochemical assays 
At the end of  treatment, blood glucose levels were mea-
sured using a glucometer and the animal’s weight was 
determined using an animal balance. 

Total antioxidant capacity: Reduction of  Fe3+ to Fe2+ 
by the biological sample is an indicator of  antioxidant 
capacity. The complex between Fe2+ and TPTZ produces 
a blue color with a maximum absorbance at 593 nm as 
previously described[6]. 

Total thiol molecules: Total thiol group was determined 
using DTNB as the reagent. One hundred microliters 
of  the sample was mixed with 0.1 mol/L 1500 μL phos-
phate buffer pH 7.4 and 400 μL of  2 mol/L DTNB. 
After incubation at 37℃ for 30 min, absorbance of  the 
samples was measured against a blank at 412 nm.

Lipid peroxidation: Thiobarbituric acid-reactive sub-
stances were measured using 1,1’,3,3’- tetraethoxypropane 
as a standard and from a standard curve of  TBA adduct 
formation[6]. 

Catalase: The activity of  catalase (CAT) was measured 

205 November 15, 2011|Volume 2|Issue 11|WJD|www.wjgnet.com



by observing the initial rate of  hydrogen peroxide disap-
pearance in a spectrophotometer at 240 nm. Results are 
reported as a constant rate per second per liter plasma 
and as micromoles of  formaldehyde produced per mg of  
protein[7]. 

SOD stimulation: According to the kit protocol, xan-
thine and xanthine oxidase generate superoxide radicals 
which react with 2-(4-iodophenyl)-3-(4-nitrophenol)-
5-phenyltetrazolium chloride (INT) and create a red 
formazon dye. The SOD activity is measured by the 
degree of  inhibition of  this reaction. There is 50% in-
hibition of  the rate of  reduction of  INT by one unit of  
SOD. Data are shown as unit/mg of  protein.

Reactive oxygen species: The activity of  reactive oxy-
gen species (ROS) was determined by use of  DCF-DA, 
which is converted into highly fluorescent DCF by cel-
lular peroxides. The sample was divided into two equal 
parts. In one fraction, 40 μL of  1.25 mmol/L DCF-DA 
in methanol was added for ROS determination. In the 
other fraction 40 μL of  methanol was added, as a control 
for tissue auto-fluorescence. All samples were incubated 
for 15 min in a 37℃ water-bath.. Fluorescence was mea-
sured at 488 nm excitation and 525 nm emission, using 
a fluorescence plate reader as described previously[8]. Re-
sults were expressed as nmol/min/mg of  protein. 

Cholesterol, triglyceride and lipoproteins: Aliquots 
of  serum were taken for determination of  total choles-
terol by the enzymatic colorimetric assay method and 
triglycerides determined by enzymatic glycerol phosphate 
oxidase/peroxidase method, Autoanalyzer and Elitech 
kit were used. LDL was precipitated by adding phospho-
tungstic acid and magnesium ions to the serum. Centrifu-
gation left only the HDL in the supernatant.

ADP/ATP: The frozen liver was removed and quickly 
homogenized (4℃) in 1 mL of  ice-cold 6% TCA. The 
homogenate was centrifuged at 12 000 g for 10 min at 4℃ 
and the supernatant was neutralized to a pH of  6.5 with 
4 mol/L KOH. After filtering through a Millipore filter, 
the neutralized extract was used to determine ATP and 
ADP concentration (μg/mL per mg of  tissue) by ion-
pair HPLC. Standard curves were created using standard 

solutions of  ATP and ADP and then samples were tested 
to measure energy changes as an ADP/ATP ratio[9]. 

Statistical analysis: All values were reported as a mean 
± SE. Statistical analysis of  data was carried out by 
analysis of  variance followed by Newman-Keuls and Stat 
Direct version 2.7.7. It should be noted that, P values less 
than 0.05 were considered statistically significant.

RESULTS
Animal’s weight and blood glucose
The weight of  diabetic rats decreased significantly com-
pared to control rats (P < 0.05). Blood glucose in dia-
betic rats significantly increased compared with control 
rats (P < 0.001). After use of  sodium selenite and CeO2 
nanoparticles combined and CeO2 nanoparticles alone, 
a significant increase in animal weight (P < 0.01 and P 
< 0.05, respectively) was observed compared to diabetic 
rats. Also, a significant decrease in blood glucose (P < 
0.05) was shown only by the combination of  sodium 
selenite and CeO2 nanoparticles, when compared to dia-
betic rats. No significant changes in animal weight were 
observed when using sodium selenite and the metal form 
of  CeO2 (Table 1 and Figure 1).

The liver weight/body weight index in diabetic rats 
significantly decreased (P < 0.001) compared with con-
trol animals. Administration of  sodium selenite, CeO2 
nanoparticles and a combination of  sodium selenite and 
CeO2 nanoparticles led to an increase in this index (P < 
0.05, P < 0.01, respectively) as compared to diabetic rats 
(Table 1).

Biomarkers of oxidative stress
A significant increase in lipid peroxidation (LPO) (P < 
0.001) and a decrease in total antioxidant capacity (TAC) 
and total thiol molecules (TTM) (P < 0.001 and P < 0.01, 
respectively) in the diabetic group were recorded in com-
parison to controls in both plasma and liver (Table 2). Ad-
ministration of  sodium selenite, CeO2 nanoparticles and a 
combination of  sodium selenite and CeO2 nanoparticles 
decreased LPO (P < 0.05 in plasma and liver, P < 0.01 in 
plasma, P < 0.05 in liver, P < 0.001 in plasma and liver, 
respectively) as compared to the diabetic group. The metal 
form of  CeO2 caused no significant changes. A significant 
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Table 1  Effects of various treatments on body weight and liver weight/body weight (mean ± SE)

Animal groups Body weight index Liver weight index

Initial (g) Final (g) LW (g) BW/LW

Control 187.25 ± 3.68 207.5 ± 3.22  7.54 ± 0.23 25.86 ± 1.18
Diabetic control 185.75 ± 3.94  172.6 ± 1.76a 10.02 ± 0.30c    16.5 ± 0.78c

Cerium oxide 192.25 ± 6.14  185.6 ± 4.70f   9.77 ± 0.42b    19.59 ± 0.86b,f

Nanocerium oxide 189.00 ± 3.71  202.2 ± 2.01d   8.35 ± 0.12d  24.15 ± 0.49e

Sodium selenite 187.75 ± 5.80 193.3 ± 6.38  8.69 ± 0.44  22.31 ± 1.00d

Nanocerium oxide + Sodium selenite 195.20 ± 3.00  214.8 ± 8.77e   9.73 ± 0.38b  24.11 ± 1.04e

aP < 0.05, bP < 0.01, cP < 0.001 vs control group; dP < 0.01, eP < 0.01 vs diabetic control group; fP < 0.05 vs Nanocerium oxide + Sodium selenite group. LW: 
Liver weight; BW: Body weight.
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increase of  TAC (P < 0.001) was observed by the sodium 
selenite/CeO2 nanoparticle combination in plasma and 
liver. Use of  sodium selenite and CeO2 nanoparticles in 
liver increased TAC (both P < 0.01) in comparison to the 
diabetic group. No significant changes were produced 
by the metal form of  CeO2, sodium selenite, and CeO2 
nanoparticles in plasma or by the metal form of  CeO2 in 
liver. The level of  TTM after use of  sodium selenite and 
a combination of  sodium selenite and CeO2 nanoparticles 
showed a significant increase (P < 0.05 and P < 0.01, re-
spectively) compared to the diabetic group in both plasma 
and liver. No significant changes were detected by admin-
istration of  CeO2 nanoparticles and the metal form of  
CeO2 (Table 2). 

CAT and SOD
In the diabetic group there was a significant decrease in 
CAT activity in both plasma and liver (P < 0.001) com-
pared to control rats. However, administration of  CeO2 
nanoparticles, sodium selenite, and combination of  so-
dium selenite and CeO2 nanoparticles caused a significant 
increase in this marker (P < 0.01, P < 0.05 and P < 0.001, 
respectively). No significant changes were observed af-
ter administration of  the metal form of  CeO2 (Table 3). 
SOD activity in both plasma and liver of  diabetic rats 

significantly decreased as compared with controls (P 
< 0.01 and P < 0.001, respectively). After use of  CeO2 
nanoparticles, and a combination of  sodium selenite and 
CeO2 nanoparticles, a significant increase in plasma SOD 
activity (P < 0.05) was observed compared to diabetic 
rats. No significant changes were observed when using 
sodium selenite and the metal form of  CeO2. However, 
there was a significant increase in SOD activity in liver (P 
< 0.01) compared with diabetic rats only by combination 
of  sodium selenite and CeO2 nanoparticles (Table 3).

ROS
In the diabetic rats, hepatic ROS significantly increased 
(P < 0.001), but returned to almost normal, after use of  
sodium selenite, CeO2 nanoparticles and a combination 
of  sodium selenite and CeO2 nanoparticles (P < 0.05 
and P < 0.001, respectively). No significant changes were 
observed after administration of  the metal form of  CeO2 
(Figure 2). 

Cholesterol, triglyceride and lipoproteins
Total plasma cholesterol, triglycerides and LDL were 
significantly elevated (P < 0.01, P < 0.001 and P < 0.01, 
respectively) in diabetic rats as compared to the control 
group. Similarly, HDL was significantly reduced (P < 0.01) 
in diabetic rats as compared with the control group (Table 
4). No significant changes were observed in plasma cho-
lesterol by use of  different treatments. Triglycerides were 
reduced (P < 0.05 and P < 0.01, respectively) by use of  
CeO2 nanoparticles, sodium selenite and a combination 
of  sodium selenite and CeO2 nanoparticles as compared 
to the diabetic group but there was no significant change 
when using the metal form of  CeO2. Administration of  
sodium selenite and a combination of  sodium selenite and 
CeO2 nanoparticles significantly reduced (P < 0.05) plas-
ma LDL compared to the diabetic group. The nano and 
metal forms of  of  CeO2 did not cause significant change. 

Plasma HDL was significantly improved (P < 0.05) by 
all treatments except for the metal form of  CeO2 (Table 4).

ADP/ATP
As observed in Figure 2, a significant increase in the liver 
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Figure 1  Effects of various treatments on blood glucose in diabetic rats. 
Data are mean ± SE of six animals. bP < 0.001  vs control group; cP < 0.05  vs 
diabetic control group; eP < 0.05 vs Nanocerium oxide + Sodium selenite group.
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Table 2  Effects of various treatments on oxidative stress biomarkers in plasma and liver (mean ± SE)

Groups LPO TAC TTM

Plasma 
(nmol/mL)

Liver 
(nmol/mg protein)

Plasma 
(μmol/mL)

Liver 
(nmol/mg protein)

Plasma 
(mmol/L)

Liver 
(nmol/mg protein)

Control 2.08 ± 0.36 2.16 ± 0.23 528.62 ± 7.45 5.47 ± 0.34 0.512 ± 0.026 10.02 ± 0.36
Diabetic control  6.97 ± 0.33b  5.37 ± 0.34b    224.20 ± 13.43b  1.45 ± 0.19b  0.376 ± 0.024a    7.91 ± 0.30a

Cerium oxide    6.85 ± 0.42b,h    5.31 ± 0.31b,h    231.43 ± 5.68b,h    1.73 ± 0.23b,h    0.360 ± 0.016a,g      6.67 ± 0.40b,h

Nanocerium oxide      4.92 ± 0.42b,d,f     4.12 ± 0.22b,c,f      272.33 ± 10.49b,h      3.13 ± 0.29b,d,h   0.379 ± 0.010a,f      7.10 ± 0.25b,h

Sodium selenite      5.14 ± 0.33b,c,g     3.95 ± 0.22a,c,f      257.46 ± 12.28b,h      2.98 ± 0.17b,d,h   0.480 ± 0.025c,f    9.32 ± 0.32c

Nanocerium oxide + 
Sodium selenite

 3.19 ± 0.30e  2.60 ± 0.26e  493.46 ± 7.45e  4.97 ± 0.28e  0.500 ± 0.024d    9.83 ± 0.30d
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ADP/ATP ratio in diabetic rats is evident in comparison 
to the control group (P < 0.001). The administration of  a 
combination of  sodium selenite and CeO2 nanoparticles 
reduced the ADP/ATP ratio in comparison to the dia-
betic group (P < 0.01); sodium selenite, CeO2 nanopar-
ticles, or metal form of  CeO2 used separately caused no 
significant change (Figure 3).

DISCUSSION
The present study indicates a significant improvement in 
biomarkers of  diabetes including oxidative stress, energy 

compensation (ADP/ATP) and lipid profile by using a 
combination of  sodium selenite and CeO2 nanoparticles. 
It is mentioned that a relative improvement in these bio-
markers was shown by CeO2 nanoparticles and sodium 
selenite used separately, but no significant changes were 
found when the metal form of  CeO2 was used. This 
is the first report on the benefit of  a CeO2 nanopar-
ticles/sodium selenite combination in diabetes treatment. 
The unique structure of  CeO2 nanoparticles supports 
a potential role as a biological free radical scavenger or 
antioxidant. This metal oxide is characterized by mono-
disperse particles that are single crystals with few twin 
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Table 3  Effects of various treatments on plasma, liver catalase and superoxide dismutase (mean ± SE)

Groups CAT activity SOD activity

Plasma (U/mL) Liver (U/mg protein) Plasma (U/mL) Liver (U/mg protein)

Control 13.74 ± 0.26 76.25 ± 1.39 7.81 ± 3.98 16.22 ± 0.56
Diabetic control 5.39 ± 0.70c 51.26 ± 1.67c 6.30 ± 2.33b 11.78 ± 0.91c

Cerium oxide 6.50 ± 0.74c,i 52.20 ± 2.70c,i 6.18 ± 3.13b,g 10.02 ± 0.57c,i

Nanocerium oxide 9.05 ± 0.51c,e,h 66.38 ± 3.81e 7.45 ± 1.99d 12.37 ± 0.54b,g

Sodium selenite 8.31 ± 0.73c,d,i 63.09 ± 2.13b,d,g 6.50 ± 1.51a 11.78 ± 0.56c,h

Nanocerium oxide + Sodium selenite 12.86 ± 0.44f 72.75 ± 1.74f 7.68 ± 2.55d 15.55 ± 0.78e

aP < 0.05, bP < 0.01, cP < 0.001 vs control group; dP < 0.01, eP < 0.01, fP < 0.001 vs diabetic control group; gP < 0.05, hP < 0.01, iP < 0.001 vs Nanocerium oxide + 
Sodium selenite group. CAT: Catalase; SOD: Superoxide dismutase.

Table 4  Effects of various treatments on plasma cholesterol, triglyceride and lipoproteins (mean ± SE)

Animal Groups Cholestrol (mg/dL) Triglyceride (mg/dL) HDL (mg/dL) LDL (mg/dL)

Control  69.41 ± 7.02  70.66 ± 6.66 41.28 ± 2.27  36.37 ± 1.91
Diabetic control  110.20 ± 5.09b 166.09 ± 8.53c  30.14 ± 1.83b   51.42 ± 2.80b

Cerium oxide 109.98 ± 5.53c     166.05 ± 10.03c,f    29.00 ± 1.95c,f    60.14 ± 1.62c,g

Nanocerium oxide  107.02 ± 1.48b   123.37 ± 8.72b,d   38.42 ± 1.46d   49.00 ± 2.80a

Sodium selenite  102.22 ± 6.77b   123.25 ± 6.43b,d   38.00 ± 1.43d   40.66 ± 2.66d

Nanocerium oxide + Sodium selenite  106.15 ± 5.79b   113.10 ± 8.17a,e   39.60 ± 2.13d   39.14 ± 2.79d

aP < 0.05, bP < 0.01, cP < 0.001 vs control group; dP < 0.01, eP < 0.01 vs diabetic control group; fP < 0.01, gP < 0.001 vs Nanocerium oxide + Sodium selenite  
group. HDL: High density lipoprotein; LDL: Low density lipoprotein.

Figure 2  Effects of various treatments on liver reactive oxygen species 
in diabetic rats. Data are mean ± SE of six animals. aP < 0.01, bP < 0.001 vs 
control group; cP < 0.05, dP < 0.001 vs diabetic control group; eP < 0.05, fP < 
0.01, gP < 0.001 vs Nanocerium oxide + Sodium selenite group. ROS: Reactive 
oxygen species.
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Figure 3  Effects of various treatments on adenosine diphosphate/adenos-
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boundaries[10] and expanded lattice parameter[11] making 
this compound nonstoichiometric. Moreover, the cerium 
atom is characterized by dual oxidation state potential 
and oxygen vacancies[12]. This property is responsible for 
the free radical scavenging activity of  CeO2 that makes it 
beneficial in diabetes. Other than the antioxidant effect 
of  CeO2, it has many sites for catalysis that makes it more 
active and resident in a living cell for an extended period 
of  time. In addition, CeO2 nanoparticles stimulate SOD 
activity[13,14]. 

On the other hand, selenium is an essential trace ele-
ment possessing cardioprotective, antiproliferative and 
chemopreventive effects[14-16]. It is also a potent antioxi-
dant for dysfunctions seen in diabetes[5] and colitis[17]. 

In fact, a clear link between oxidative stress and dia-
betes exists where liver is the main organ involved be-
cause the liver is rich in mitochondria to perform meta-
bolic functions. Liver plays an important role in glucose 
metabolism, and in a chronic hyperglycemic state, liver 
oxidative stress is considered a relevant process. Oxida-
tive stress induced by hyperglycemia leads to liver cell 
damage because liver is subject to ROS-mediated injury 
in diabetes. In the present study, a significant increase 
of  oxidative stress biomarkers, ROS and a reduction in 
antioxidant enzymes in plasma and liver was observed 
and this has support from previous reports, as mentioned 
above.

On the other hand, ROS plays an important role in 
the regulation of  hepatic glucose production. The anti-
diabetic drugs which act through inhibition of  hepatic 
gluconeogenesis produce concurrent antioxidant effects 
beneficial in the treatment of  diabetes[18]. Thus, the an-
tioxidant potential of  CeO2 nanoparticles and selenium 
might be a mechanism for their glucose lowering effect 
and inhibition of  glycogenolysis. 

In diabetes, increased ROS coupled with depolariza-
tion of  the inner mitochondrial membrane reduces ATP. 
Considering the large number of  mitochondria present in 
liver, reduction in the ATP of  liver in diabetes conditions 
seems rational[19] and explains the present reduction of  
liver ADP/ATP in diabetic rats. 

The present findings also showed a significant in-
crease in triglycerides, LDL, cholesterol and a reduction 
in the HDL of  diabetic animals which were expected. 
One of  the most important complications of  diabetes is 
atherosclerosis and coronary heart disease, the result of  
abnormal lipid metabolism, hyperglycemia may promote 
LPO of  LDL resulting in the generation of  free radicals. 
The lipid profile of  diabetes is characterized by low lev-
els of  HDL, elevated LDL and TG levels[20]. 

In conclusion, the combination of  CeO2 nanoparticles/
sodium selenite shows the best anti-oxidative effects ben-
eficial in experimental diabetes. Therefore, this combina-
tion should be followed for further tests and clinical trials.

Background
Diabetes mellitus (DM) is an endocrine-metabolic disorder of increasing occur-

rence and clinical relevance, contributing to high morbidity and mortality rates. 
DM is increasing in the world by population ageing, urbanization and obesity. 
The study of the physiological routes of DM is important for the development of 
novel therapeutic procedures for this increasingly common disease.
Research frontiers
Increased oxidative stress is an important contributor to the development and 
progression of diabetes and its complications. Strategies to reduce the forma-
tion of oxidative stress are important in the treatment of DM. It seems that 
cerium oxide (CeO2) nanoparticles and sodium selenite, as two powerful anti-
oxidants, are suitable for this purpose. The present study was aimed to evalu-
ate the effects of these compounds on murine diabetes when used alone or in 
combination.
Innovations and breakthroughs
The present study indicates a significant improvement in biomarkers of diabe-
tes including oxidative stress, energy compensation [adenosine diphosphate/
adenosine triphospahte (ADP/ATP)] and lipid profile by using a combination 
of sodium selenite and CeO2 nanoparticles. It is mentioned that a relative 
improvement in these biomarkers was shown by CeO2 nanoparticles and so-
dium selenite when used alone but no significant change was found when the 
metal form of CeO2 was used. This is the first report on the benefit of a CeO2 
nanoparticles/sodium selenite combination in diabetes.
Applications
DM is increasing in the world due to population ageing, urbanization and obe-
sity and causes high morbidity and mortality rates. We suggest a combination 
of nanocerium and sodium selenite for the treatment of diabetes and its compli-
cations. 
Terminology
CeO2 nanoparticle - a powerful antioxidant with free radical scavenging proper-
ties. Selenium - an essential trace element that possesses a potent antioxidant 
effect.
Peer review
The major finding of the study is that a combination of sodium selenite and 
CeO2 nanoparticles indicates a significant improvement in biomarkers of diabe-
tes including oxidative stress, energy compensation (ADP/ATP) and lipid profile. 
In fact, this combination shows the most beneficial anti-oxidative effects in ex-
perimental diabetes. Therefore, this combination should be followed for further 
tests and clinical trials.
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GENERAL INFORMATION
World Journal of  Diabetes (World J Diabetes, WJD, online ISSN 
1948-9358, DOI: 10.4239), is a monthly, open-access (OA), pe 
er-reviewed journal supported by an editorial board of  323 exp
erts in diabetes mellitus research from 38 countries.

The biggest advantage of  the OA model is that it provides 
free, full-text articles in PDF and other formats for experts and 
the public without registration, which eliminates the obstacle that 
traditional journals possess and usually delays the speed of  the 
propagation and communication of  scientific research results.

Maximization of personal benefits
The role of  academic journals is to exhibit the scientific levels of  
a country, a university, a center, a department, and even a scientist, 
and build an important bridge for communication between 
scientists and the public. As we all know, the significance of  the 
publication of  scientific articles lies not only in disseminating 
and communicating innovative scientific achievements and aca
demic views, as well as promoting the application of  scientific 
achievements, but also in formally recognizing ���� ����������� ����the “priority” and 
“copyright” of  innovative achievements published, �����������  as well as 
evaluating research performance and academic levels. So, to realize 
these desired attributes of  WJD and create a well-recognized 
journal, the following four types of  personal benefits should be 
maximized. The maximization of  personal benefits refers to the 
pursuit of  the maximum personal benefits in a well-considered 
optimal manner without violation of  the laws, ethical rules and the 
benefits of  others. (1) Maximization of  the benefits of  editorial 
board members: The primary task of  editorial board members 
is to give a peer review of  an unpublished scientific article via 
online office system to evaluate its innovativeness, scientific and 
practical values and determine whether it should be published or 
not. During peer review, editorial board members can also obtain 
cutting-edge information in that field at first hand. As leaders in 
their field, they have priority to be invited to write articles and 
publish commentary articles. We will put peer reviewers’ names 
and affiliations along with the article they reviewed in the journal to 
acknowledge their contribution; (2) Maximization of  the benefits 
of  authors: Since WJD is an open-access journal, readers around 
the world can immediately download and read, free of  charge, high-
quality, peer-reviewed articles from WJD official website, thereby 
realizing the goals and significance of  the communication between 
authors and peers as well as public reading; (3) Maximization of  
the benefits of  readers: Readers can read or use, free of  charge, 
high-quality peer-reviewed articles without any limits, and cite 
the arguments, viewpoints, concepts, theories, methods, results, 
conclusion or facts and data of  pertinent literature so as to validate 
the innovativeness, scientific and practical values of  their own 
research achievements, thus ensuring that their articles have novel 
arguments or viewpoints, solid evidence and correct conclusion; 
and (4) Maximization of  the benefits of  employees: It is an 
iron law that a first-class journal is unable to exist without first-
class editors, and only first-class editors can create a first-class 
academic journal. We insist on strengthening our team cultivation 
and construction so that every employee, in an open, fair and 
transparent environment, could contribute their wisdom to edit 
and publish high-quality articles, thereby realizing the maximization 
of  the personal benefits of  editorial board members, authors and 

readers, and yielding the greatest social and economic benefits.

Aims and scope
The major task of  WJD is to report rapidly the most recent results 
in basic and clinical research on diabetes including: metabolic syn
drome, functions of  α, β, δ and PP cells of  the pancreatic islets, 
effect of  insulin and insulin resistance, pancreatic islet transplanta
tion, adipose cells and obesity, clinical trials, clinical diagnosis and 
treatment, rehabilitation, nursing and prevention. This covers epi
demiology, etiology, immunology, pathology, genetics, genomics, 
proteomics, pharmacology, pharmacokinetics, pharmacogenetics, 
diagnosis and therapeutics. Reports on new techniques for treating 
diabetes are also welcome.

Columns
The columns in the issues of  WJD will include: (1) Editorial: To 
introduce and comment on major advances and developments 
in the field; (2) Frontier: To review representative achievements, 
comment on the state of  current research, and propose directions 
for future research; (3) Topic Highlight: This column consists of  
three formats, including (A) 10 invited review articles on a hot 
topic, (B) a commentary on common issues of  this hot topic, and 
(C) a commentary on the 10 individual articles; (4) Observation: 
To update the development of  old and new questions, highlight 
unsolved problems, and provide strategies on how to solve the 
questions; (5) Guidelines for Basic Research: To provide guidelines 
for basic research; (6) Guidelines for Clinical Practice: To provide 
guidelines for clinical diagnosis and treatment; (7) Review: To 
review systemically progress and unresolved problems in the field, 
comment on the state of  current research, and make suggestions 
for future work; (8) Original Article: To report innovative and 
original findings in diabetes; (9) Brief  Article: To briefly report 
the novel and innovative findings in diabetes research; (10) Case 
Report: To report a rare or typical case; (11) Letters to the Editor: 
To discuss and make reply to the contributions published in WJD, 
or to introduce and comment on a controversial issue of  general 
interest; (12) Book Reviews: To introduce and comment on quality 
monographs of  diabetes mellitus; and (13) Guidelines: To introduce 
consensuses and guidelines reached by international and national 
academic authorities worldwide on basic research and clinical 
practice in diabetes mellitus.
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authors except where indicated otherwise.

Biostatistical editing
Statisital review is performed after peer review. We invite an expert 
in Biomedical Statistics from 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 homogeneous 
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 re
ported; (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 reviewersassess any 
potential bias, WJD requires authors of  all papers to declare any 
competing commercial,  personal, political, intellectual, or religious 
interests in relation to the submitted work. Referees are also asked 
to indicate 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 
serving 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  organization]. [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 Medical 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 comform to Good 
Clinical 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  Helsinki. Generally, we suggest authors follow the lead inves
tigator’s national 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 
accompanied by a statement that the experiments were undertaken 
with the understanding and appropriate informed consent of  each. 
Any personal item or information will not be published without 
explicit consents 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
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 
Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, Abs
tract, 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 International Com
mittee of  Medical Journal Editors to refuse to publish papers 
on clinical trial results if  the trial was not recorded in a publicly-
accessible registry at its outset. The only register now available, 
to our knowledge, is http://www. clinicaltrials.gov sponsored by 
the United States National Library of  Medicine and we encourage 
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, photographs 
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 during mailing.

Online submissions
Manuscripts should be submitted through the Online Submission 
System at: http://www.wjgnet.com/1948-9358office. Authors are 
highly recommended to consult the ONLINE INSTRUCTIONS 
TO AUTHORS (ht tp ://www.wjgnet .com/1948-9358/
g_info_20100107165233.htm) before attempting to submit online. 
For assistance, authors encountering problems with the Online 
Submission System may send an email describing the problem 
to wjd@wjgnet.com, or by telephone: +86-10-59080038. If  you 
submit your manuscript online, 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 typed in 1.5 line spacing and 12 pt. Book Antiqua with ample 
margins. Style should conform to our house format. Required 
information 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 International Committee of  Medical Journal 
Editors, based on (1) substantial contributions 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 version to be published. Auth
ors should meet conditions 1, 2, and 3.
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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 
author may be represented from two institutions, for example, Ge
orge Sgourakis, Department of  General, Visceral, and Transplan
tation 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  
supportive 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, affiliation, 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, University of  California, Box 0538, San Francisco, CA 
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, e.g., 
Telephone: +86-10-59080039 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 WJD, reviewers 
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, Shanghai, 
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 Uni
versity, Chengdu, Sichuan Province, China.

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

An informative, structured abstracts of  no more than 480 
words should accompany each manuscript. Abstracts for original 
contributions 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/…; 
MATERIALS AND METHODS (no more than 140 words); 
RESULTS (no more than 294 words): You should present P values 
where appropriate and must provide relevant data to illustrate 
how they were obtained, 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, rapid communi
cation and case reports, the main text should be structured into 
the following sections: INTRODUCTION, 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/1948-9358/g_info_20100107165233.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 separate 
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 Illustrator 
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 legend rather than on the bar itself. File names should  
identify the figure and panel. Avoid layering type directly over  
shaded or textured areas. Please use uniform legends for the  
same subjects. For example: Figure 1 Pathological changes in 
atrophic gastritis after treatment. 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 
sequence.

Acknowledgments
Brief  acknowledgments of  persons who have made genuine con
tributions to the manuscript and who endorse the data and conclu
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written permission to use any copyrighted text and/or illustrations.

REFERENCES
Coding system
The author should number the references in Arabic numerals 
according to the citation order in the text. Put reference numbers 
in square brackets in superscript at the end of  citation content or 
after the cited author’s name. For citation content which is part of  
the narration, the coding number and square brackets should be 
typeset normally. For example, “Crohn’s disease (CD) is associated 
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with increased intestinal permeability[1,2]”. If  references are cited 
directly in the text, they should be put together within the text, for 
example, “From references[19,22-24], we know that...”

When the authors write the references, please ensure that 
the order in text is the same as in the references section, and also 
ensure the spelling accuracy of  the first author’s name. Do not list 
the same citation twice. 

PMID and DOI
Pleased provide PubMed citation numbers to the reference list, 
e.g. PMID and DOI, which can be found at http://www.ncbi.
nlm.nih.gov/sites/entrez?db=pubmed and http://www.crossref.
org/SimpleTextQuery/, respectively. The numbers will be used in 
E-version of  this journal.

Style for journal references
Authors: the name of  the first author should be typed in bold-
faced letters. The family name of  all authors should be typed with 
the initial letter capitalized, followed by their abbreviated first 
and middle initials. (For example, Lian-Sheng Ma is abbreviated 
as Ma LS, Bo-Rong Pan as Pan BR). The title of  the cited article 
and italicized journal title (journal title should be in its abbreviated 
form as shown in PubMed), publication date, volume number 
(in black), start page, and end page [PMID: 11819634   DOI: 
10.3748/wjg.13.5396].

Style for book references
Authors: the name of  the first author should be typed in bold-faced 
letters. The surname of  all authors should be typed with the initial 
letter capitalized, followed by their abbreviated middle and first 
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication 
place: Publication press, Year: start page and end page.

Format
Journals 
English journal article (list all authors and include the PMID where 

applicable)
1	 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 

Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative 
contrast harmonic imaging to assess malignancy of  liver 
tumors: A prospective controlled two-center study. World J 
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224   DOI: 
10.3748/wjg.13.6356]

Chinese journal article (list all authors and include the PMID where 
applicable)

2	 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic 
effect of  Jianpi Yishen decoction in treatment of  Pixu-
diarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
3	 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature 

of  balancing selection in Arabidopsis. Proc Natl Acad Sci USA 
2006; In press

Organization as author
4	 Diabetes Prevention Program Research Group. Hyp

ertension, insulin, and proinsulin in participants with impaired  
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID: 
12411462   PMCID:2516377   DOI:10.1161/01.HYP.00000 
35706.28494.09]

Both personal authors and an organization as author 
5	 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; 

Alf-One Study Group. Sexual dysfunction in 1, 274 European 
men suffering from lower urinary tract symptoms. J Urol 
2003; 169: 2257-2261 [PMID: 12771764   DOI:10.1097/01.
ju.0000067940.76090.73]

No author given
6	 21st century heart solution may have a sting in the tail. 

BMJ 2002; 325: 184 [PMID: 12142303   DOI:10.1136/
bmj.325.7357.184]

Volume with supplement
7	 Geraud G, Spierings EL, Keywood C. Tolerability and safety 

of  frovatriptan with short- and long-term use for treatment 
of  migraine and in comparison with sumatriptan. Headache 
2002; 42 Suppl 2: S93-99 [PMID: 12028325   DOI:10.1046/
j.1526-4610.42.s2.7.x]

Issue with no volume
8	 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen 

section analysis in revision total joint arthroplasty. Clin Orthop 
Relat Res 2002; (401): 230-238 [PMID: 12151900   DOI:10.109
7/00003086-200208000-00026]

No volume or issue
9	 Outreach: Bringing HIV-positive individuals into care. HRSA 

Careaction 2002; 1-6 [PMID: 12154804]

Books
Personal author(s)
10	 Sherlock S, Dooley J. Diseases of  the liver and billiary sys

tem. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11	 Lam SK. Academic investigator’s perspectives of  medical 

treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer 
disease: investigation and basis for therapy. New York: Marcel 
Dekker, 1991: 431-450

Author(s) and editor(s)
12	 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 2nd 

ed. Wieczorek RR, editor. White Plains (NY): March of  Dimes 
Education Services, 2001: 20-34

Conference proceedings
13	 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. 

Proceedings of  the 5th Germ cell tumours Conference; 2001 
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper
14	 Christensen S, Oppacher F. An analysis of  Koza's compu

tational effort statistic for genetic programming. In: Foster 
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. 
Genetic programming. EuroGP 2002: Proceedings of  the 5th 
European Conference on Genetic Programming; 2002 Apr 
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)
15	 Morse SS. Factors in the emergence of  infectious diseases. 

Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05; 
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm

Patent (list all authors)
16	 Pagedas AC, inventor; Ancel Surgical R&D Inc., assig

nee. Flexible endoscopic grasping and cutting device and  
positioning tool assembly. United States patent US 200201 
03498. 2002 Aug 1

Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as 
χ2 (in Greek), related coefficient as r (in italics), degree of  freedom 
as υ (in Greek), sample number as n (in italics), and probability as P (in 
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood 
pressure, 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 
formaldehyde, 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/1948-9358/
g_info_20100107145507.htm.
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Instructions to authors

Abbreviations
Standard abbreviations should be defined in the abstract and on first 
mention in the text. In general, terms should not be abbreviated 
unless they are used repeatedly and the abbreviation is helpful to 
the reader. Permissible abbreviations are listed in Units, Symbols 
and Abbreviations: A Guide for Biological and Medical Editors and 
Authors (Ed. Baron DN, 1988) published by The Royal Society of  
Medicine, London. Certain commonly used abbreviations, such as 
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, 
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l length, 
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.

Examples for paper writing
Editorial: http://www.wjgnet.com/1948-9358/g_info_20100316 
080002.htm

Frontier: http://www.wjgnet.com/1948-9358/g_info_20100316 
091946.htm

Topic highlight: http://www.wjgnet.com/1948-9358/g_info_ 
20100316080004.htm

Observation: http://www.wjgnet.com/1948-9358/g_info_ 
20100107142558.htm

Guidelines for basic research: http://www.wjgnet.com/1948-9358/
g_info_20100316092358.htm

Guidelines for clinical practice: http://www.wjgnet.com/1948- 
9358/g_info_20100316092508.htm

Review: http://www.wjgnet.com/1948-9358/g_info_2010 
0107142809.htm

Original articles: http://www.wjgnet.com/1948-9358/g_info_ 
20100107143306.htm

Brief  articles: http://www.wjgnet.com/1948-9358/g_info_2010 
0316093137.htm

Case report: http://www.wjgnet.com/1948-9358/g_info_2010010 
7143856.htm

Letters to the editor: http://www.wjgnet.com/1948-9358/
g_info_20100107144156.htm

Book reviews: http://www.wjgnet.com/1948-9358/g_info_2010 
0316093525.htm

Guidelines: http://www.wjgnet.com/1948-9358/g_info_2010 
0316093551.htm

SUBMISSION OF THE REVISED MANUSCRIPTS AFTER 
ACCEPTED
Please revise your article according to the revision policies 
of  WJD. The revised version including manuscript and high-
resolution image figures (if  any) should be copied on a floppy or 
compact disk. The author should send the revised manuscript, 

along with printed high-resolution color or black and white 
photos, copyright transfer letter, and responses to the reviewers 
by courier (such as EMS/DHL).

Editorial Office 
World Journal of Diabetes
Editorial Department: Room 903, Building D, 
Ocean International Center,
No. 62 Dongsihuan Zhonglu, 
Chaoyang District, Beijing 100025, China
E-mail: wjd@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-8538-1892
Fax: +86-10-8538-1893

Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor 
language polishing; (3) Grade C: a great deal of  language polishing 
needed; and (4) Grade D: rejected. Revised articles should reach 
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/1948-9358/g_info_20100107144846.htm.

Responses to reviewers
Please revise your article according to the comments/suggestions 
provided by the reviewers. The format for responses to the 
reviewers’ comments can be found at: http://www.wjgnet.
com/1948-9358/g_info_20100107170340.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a 
copy of  the document and serial number of  the foundation.

Links to documents related to the manuscript 
WJD will be initiating a platform to promote dynamic interactions 
between the editors, peer reviewers, readers and authors. After a 
manuscript is published online, links to the PDF version of  the 
submitted manuscript, the peer-reviewers’ report and the revised 
manuscript will be put on-line. Readers can make comments on 
the peer reviewer’s report, authors’ responses to peer reviewers, 
and the revised manuscript. We hope that authors will benefit from 
this feedback and be able to revise the manuscript accordingly in a 
timely manner.

Science news releases
Authors of  accepted manuscripts are suggested to write a science 
news item to promote their articles. The news will be released 
rapidly at EurekAlert/AAAS (http://www.eurekalert.org). The 
title for news items should be less than 90 characters; the summary 
should be less than 75 words; and main body less than 500 words. 
Science news items should be lawful, ethical, and strictly based on 
your original content with an attractive title and interesting pictures.

Publication fee
WJD is an international, peer-reviewed, Open-Access, online journal.  
Articles published by this journal are distributed under the terms 
of  the Creative Commons Attribution Non-commercial License,  
which permits use, distribution, and reproduction in any medium, 
provided the original work is properly cited, the use is non commer
cial and is otherwise in compliance with the license. Authors of  
accepted articles must pay a publication fee. The related standards 
are as follows. Publication fee: 1300 USD per article. Editorial, topic 
highlights, original articles, book reviews and letters to the editor are 
published free of  charge.
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