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RESUMO

Com o aumento da idade, ha um declinio progressivo das funcdes fisiologicas e
comportamentais, essas mudancas podem levar a um alteracdes nas reacdes do
metabolismo, associados com a perda de memoaria, ou a perda de varias funcdes de
controle. Vérios estudos apoiam a teoria de que existe um aumento dos danos
oxidativos associados com a idade, em muitos sistemas celulares. Este estresse
oxidativo pode ocorrer devido ao aumento da producdo de espécies reativas de
oxigénio, e de um decréscimo de reparar o dano e atividades antioxidantes. O
cérebro é particularmente vulneravel a danos oxidativos, como resultado de seus
altos niveis de acidos graxos poliinsaturados, alto consumo de oxigénio, alto teor de
metais de transicdo, e pobres defesas antioxidantes. A via de quinurenina (KP) que
metaboliza o triptofano, vem gerando consideravel interesse entre 0s
neurocientistas, ap0s a observacao consistente que seus niveis e metabolitos estdo
envolvidos em varias condicBes neuropatolégicas e doencas envolvendo ativacao
imune, estando relacionada com a doenca de Huntington, doenca de Alzheimer,
isquemia, epilepsia, e relacionadas ao processo de envelhecimento. Existe uma
procura de substancias que reduzam ou anulem os danos causados pelo estresse
oxidativo e o Oleo de peixe tem se mostrado ser um bom candidato para satisfazer
estas exigéncias. No entanto, poucos estudos tém investigado a correlacdo entre a
Via da Quinurenina, o envelhecimento e mecanismos para atenuar 0s danos
causados por essa via, de modo que este estudo teve por objetivo avaliar as
alteracdes nos niveis das enzimas-chave e metabolitos da KP, e 0s niveis de
degradagcédo de algumas substancias que indicam danos ao tecido cerebral, e a
capacidade de dleo de peixe para atenuar esses danos durante o processo de
envelhecimento. O 6leo de peixe conseguiu reverter parcialmente diversos
parametros como a atividade da enzima KMO, do triptofano e outros produtos da KP,
marcadores de dano oxidativo em proteinas, lipideos e DNA, e em alguns
parametros houve uma reducdo completa, como na enzima IDO, da glutationa, e
acido quinurénico em pelo menos um dos tecidos analisados, demosntrando que a
suplementacdo com 0Oleo de peixe é eficaz para reduzir os danos causados pela
idade.

Palavras-Chave: Via da quinurenina, estresse oxidativo, IDO, senescéncia.



ABSTRACT

With increasing age, there is a progressive decline in physiological and behavioral
functions, these changes may lead to changes in metabolism reactions associated
with memory loss or the loss of several control functions. Several studies support the
theory that there is an increase in oxidative damage associated with age in most
cellular systems. This oxidative stress can occur due to increased production of
reactive oxygen species, and a decrease to repair the damage and antioxidant
activities. The brain is particularly vulnerable to oxidative damage as a result of its
high levels of polyunsaturated fatty acids, high oxygen consumption, high levels of
transition metals, and poor antioxidant defenses. The route of kynurenine (KP) which
metabolises tryptophan, has generated considerable interest among neuroscientists,
after the consistent observation that their levels and metabolites are involved in
various neuropathological and diseases involving immune activation conditions being
associated with Huntington's disease, Alzheimer's disease, ischemia, epilepsy, and
related to the aging process. There is a search for substances that reduce or nullify
the damage caused by oxidative stress and the fish oil has been shown to be a good
candidate to meet these requirements. However, few studies have investigated the
correlation between via the kynurenine, aging and mechanisms to mitigate the
damage caused in this way, so this study was to evaluate changes in the levels of
key enzymes and metabolites of KP, and degradation levels of some substances to
indicate damage to brain tissue, and fish oil ability to alleviate this damage during the
aging process. The fish oil could partially reverse various parameters such as the
activity of KMO enzyme, tryptophan and other products KP, markers of oxidative
damage to proteins, lipids and DNA, and in some parameters there was a complete
reduction as the enzyme IDO, the glutathione, and quinurénico acid in at least one of
the tissues analyzed, demosntrando that supplementation with fish oil is effective in
reducing damage caused by age.

Keywords: Kynurenine Pathway, oxidative stress, IDO, senescence.



LISTA DE ABREVIATURAS E SIGLAS

3-HK: 3-hydroxy-L-kynurenine
3-NT: 3-nitrotyrosine

4-HNE: 4-Hydroxynonenal

80HdG : 8-hydroxy-2' -deoxyguanosine
DNA: Deoxyribonucleic acid

IDO: indoleamine 2,3-dioxygenase
GSH: glutathione

KAT: kynurenine aminotransferase
KMO: kynurenine monooxygenase
KP: kynurenine pathway

KYNA: kynurenic acid

KYN: kynurenine

QA: quinolinic acid

RNA: ribonucleic acid

ROS: reactive oxigen species

TRP: Tryptophan
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1. Introduction

For the first time in history, most people can expect to live beyond 60 years and the
health consequences will be profound (WHO, 2015). Since with increasing age, there is a
progressive decline of physiological and behavioral skills functions, these changes can lead to
an altered behavior such as memory loss, or loss of various control functions (Bernhardi,
2015). The aging should not be considered as a disease, because this is the natural course of
life, although many diseases are associated with this process.

Several studies have been supporting the theory that there is an increase in oxidative
damage associated with age in many cellular systems (Cunningham, 2015). le oxidative stress
plays major role in brain aging (Chakrabarti, 2011). This oxidative stress causes the protein
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oxidation levels (Stadtman, 2006), DNA / RNA and lipid peroxidation have their values
increased due to increased production of reactive oxygen species (ROS) (Santos, 2013), and ,
a decrease of repairing the damage and antioxidant activities (Stadtman, 2006).

The brain is particularly vulnerable to oxidative damage as a result of its high levels of
polyunsaturated fatty acids, high oxygen consumption, high content of transition metals, and
poor antioxidant defenses (NUNOMURA, 2006).

The kynurenine pathway (KP) that metabolizes Tryptophan (TRP) is related to
Huntington's disease, Alzheimer's disease, Ischaemia, Epilepsy, those that are often linked on
the aging process.

There is a search for substances that reduce or nullify the damage caused by oxidative
stress, fish oil has been shown to be a good candidate to meet these demands.

So this study was to evaluate the levels of some activity of enzymes of the KP and its
products, and degradation levels of some substances that indicate damage to brain tissue, and
the ability of fish oil to mitigate these damages during the aging process.

2. Materials and methods
2.1. Animals

Experiments were performed using male C57/BL6 mice (25-35g, 60 days old).
Animals were maintained at 22-25°C with free access to water and food, under a 12:12h
light/dark cycle, with lights on at 7:00 a.m. All manipulations were carried out during light
phase on the day. All experiments were performed in separate groups of animals and each
animal was used only once in each test. The procedures of this study were conducted
according to the guidelines of the Committee on Care and Use of Experimental Animals

Resources.

2.2. Drugs

The biochemicals STZ and Minocycline were purchased from Sigma-Aldrich (USA)

and were dissolved in saline solution before the administration.

2.3. Experimental design
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Two experiments were conducted. In the first experiment, mice (n=6-8 animals per
group) received an i.c.v. injection of STZ (ICV-STZ) to investigate the depressive-like
behaviour and IDO activity in a time-course curve (times: 1, 6, 24h and 1 week), similarly to
a previous study of our laboratory (Souza et al., 2013).

In the second experiment, mice were divided into four groups (n=6-8 animals per
group): saline + saline (sham), saline + minocycline, STZ + saline and STZ + minocycline.
Six hours after the ICV-STZ (peak effect), mice were subjected to behavioural tests.
Afterwards, they were euthanized and the hippocampus was removed to neurochemical

determinations (Fig. 1).

2.4. Intracerebroventricular injection of streptozotocin (ICV-STZ) and minocycline
administration

STZ groups were administered an ICV-STZ (0.1mg/site, total volume of 4pl), whereas
the sham groups received an i.c.v. injection of saline solution (total volume of 4 ul) as
described earlier (Pinton et al., 2011; Souza et al., 2013). Mice were anaesthetized by an i.p.
injection of sodium pentobarbital (0.067 mg/g). A single ICV-STZ or saline was injected into
the left ventricle of the brain using a stereotaxic apparatus. The bregma coordinates used for
injection were —1.0 mm lateral, —0.3 mm posterior, and —2.5 mm below.

Minocycline was administered at a dose of 50 mg/kg (i.p.) once daily for 2
consecutive days prior to and on the same day as STZ injection, according to O’connor et al.
(2009).

2.5. Behavioural assessment
2.5.1. Open-field test (OFT)

The OFT was carried out to evaluate if the drugs produced effects on locomotor
activity. The animals were submitted individually for a period of 5 min to an OFT apparatus
(Insight model EP 154C). The total distance (unit: mm) was computed (Pru et al., 2003; Goes
etal., 2014).

2.5.2. Forced swimming test (FST)
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The test was conducted using the method described by Porsolt et al. (1977). Briefly,
mice were individually forced to swim in open cylinders (25 cm heightx10 cm diameter)
containing 19 cm of water at 251 °C. The duration of immobility was scored during the 6
min test period as described previously (Rodrigues et al., 2002). Each mouse was recorded as
immobile when floating motionless or making only those movements necessary to keep its

head above water.

2.5.3. Splash test

Ten minutes after the open-field test the splash test was carried out. This test consists
of squirting a 10% sucrose solution on the dorsal coat of a mouse placed individually in clear
Plexiglas boxes (9 x 7 x 11 cm) (Rosa et al., 2014). Because of its viscosity, the sucrose
solution dirties the mouse fur and animals initiate grooming behavior. After applying sucrose
solution, the total amount of time spent grooming were manually recorded for a period of 5
min as an index of self-care and motivational behavior, considered to be parallel with some
symptoms of depression such as apathetic behavior (Willner, 2005). The apparatus was

cleaned with a solution of 10% ethanol between tests in order to hide animal clues.

2.6. Biochemical assays

After behavioral tests, mice were euthanized, and blood and hippocampus were
removed. Hippocampus was homogenized in 50mM Tris-Cl, pH 7.4. The homogenate was
centrifuged at 2,400 x g for 15 min at 4 °C and a low-speed supernatant fraction (S1) was
used for assays. Blood samples were collected directly from the ventricle of the heart in
anesthetized animals, using heparin as the anticoagulant, and plasma was separated by

centrifugation (2,400 x g) for 15 min.

2.6.1. Blood glucose determination

To confirm that ICV-STZ (0.1 mg/site) is a subdiabeticogenic dose, plasma glucose
level was determined by enzymatic colorimetric methods using commercial kit (Labtest

Diagnostica, MG, Brazil). Glucose level was expressed as mg/dl.

2.6.2. Pro-inflammatory cytokines levels
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Levels of tumour necrosis factor-alpha (TNF-a) and interferon-gamma (IFN-y) in the
hippocampus were determined using commercially available ELISA assays, following the
instructions supplied by the manufacturer (DuoSet Kits, R&D Systems; Minneapolis). Results

are shown as pg/mg tissue.

2.6.3. Tryptophan (TRP) and kynurenine (KYN) levels

The levels of TRP and its metabolite KYN in the hippocampus were performed in a
Shimadzu LC-10A liquid chromatograph, according to Silva et al. (2002). The
chromatographic separation was achieved using a 250- by 4.6-mm (inner diameter) Cig
reverse-phase column (particle size, 4 um; Aquapore RP-300 C-18). For TRP measurement,
the column was eluted isocratically at flow rate of 1.0 ml/min with 0.015 M sodium acetate
(pH 4.5) containing 15% methanol. For KYN determination, the column was eluted with
acetonitrile at a 1:47 dilution in 0.1 M acetic acid—0.1 M ammonium acetate (pH 4.65). The
absorbance of the column effluent was monitored at 280 and 365 nm for TRP and KYN
respectively. The peaks of TRP or KYN were identified by comparison with the retention
times of standard compounds (Sigma), and quantification was based on the ratios of the peak

areas of compound to the internal standard. The tissue levels were expressed in pg/mg tissue.

2.6.4. Serotonin (5-HT) and 5-Hydroxyindoleacetic acid (5-HIAA) levels

The levels of 5-HT and its metabolite 5-HIAA in the hippocampus were analyzed by
high performance liquid chromatography (HPLC) with electrochemical detection, as
described by Ferraz et al. (2002). The mobile phase, used at a flow rate of 0.8 ml/min,
consisted of 0.02 M phosphate/citrate buffer and 90/10 methanol (v/v), 0.12 mMNa2 EDTA,
and 0.0556% heptane sulphonic acid as ion pair. The pH was adjusted to 2.64 with H3PO, at
22 °C. A 5-um (220 x 4.6) Spheri-5 RP-18 column from Brownlee Laboratory was used.
Electrochemical detection was performed with a Shimadzu L-ECD-6A electrochemical
detector with a potential of 0.75 V. The peak area of the internal standard (DHBA) was used

to quantify the sample peaks. The tissue levels were expressed in pg/mg tissue.

2.6.5. Indoleamine-2,3-dyoxigenase (IDO) activity
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IDO activity in the hippocampus was determined as previously described (Lestage et
al., 2002). The supernatants (0.2 ml) were added to 0.8 ml of the reaction mixture containing
400 puM L-tryptophan, 20mM ascorbate, 10 UM methylene blue, and 100 pg catalase in
50mM potassium phosphate buffer pH 6.5. The reaction was carried out at 37°C under
agitation for 60 min. Then, it was blocked by adding 0.2 ml of 30% trichloroacetic acid and
further incubated at 50°C for 30 min to convert the N-formylkynurenine to L-kynurenine.
Samples were centrifuged at 13,000g for 10 min at 4°C. The supernatants were filtered
through microspin ultrafiltrates with a cut-off of 10,000M; before being taken for
measurement of IDO.

The amount of L-kynurenine formed from tryptophan was determined by reversed
phase high pressure liquid chromatography (HPLC). One hundred ul of the reaction product
was injected onto a Merck LiChrospher column (150mm long, 4.6mm diameter, packed with
5 Im silica beads holding 18C long carbon chains). A cartridge guard column containing the
same material as the analytical column was used. The mobile phase consisted of 0.1M
ammonium acetate buffer (pH 4.65) with 5% acetonitrile. Flow rate was 1 ml/min. Kyn was
detected using a spectrometer measuring absorbency at a wavelength of 365nm and was
quantified using known amounts of L-kynurenine. The retention time of kyn was around 5.35
min. All determinations were performed in duplicate. One unit of the activity was defined as 1
pmol Kyn/h/mg protein at 37°C.

2.6.6. Protein determination

Protein concentration was measured by the method of Bradford (1976), using bovine

serum albumin as the standard.

2.7. Statistical analysis

Results are presented as means + standard error medium (SEM). Comparisons
between the experimental and the control groups were performed by one-way (experiment 1)
or two-way (experiment 2) analysis of variance (ANOVA), followed by Newman-Keuls test
when appropriate. A value of P < 0.05 was considered to be significant. All tests were carried

out using the GraphPad software (San Diego, California, USA).
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3. Results

3.1. The behavioural alterations in Sucrose Preference Test

Statistical analysis revealed no significant differences in sucrose preference test basal

(FO X LPS, Fy 16 = 0.07, p < 0.78; Fig. 1A).

Two-way ANOVA showed a significant effect for FO/LPS interaction (F1 16 = 8.61, p
< 0.01; Fig. 1B) in SPT. The increase of sucrose intake indicates that supplementation with

FO was able to protect account anhedonia-like effect.
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Figure.l. Effect of ICV-STZ (0.1 mg/site) on immobility time in the FST (A), total time of grooming in
the splash test (B), total distance in the OFT (C) and plasma glucose levels (D) in groups tested 1, 6, 24h and 1
week after an STZ injection. Values are mean = S.E.M. (n=6-8). *P<0.05, **P<0.01, ***P<0.001 compared with

the sham group.
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Figure.2. Effect of ICV-STZ (0.1 mg/site) on the levels of TNF-a (A) and IFN-y (B) in hippocampus
of mice in groups tested 1, 6, 24h and 1 week after an STZ injection. Values are mean £ S.E.M. (n=6-8).
*P<0.05, **P<0.01, ***P<0.001 compared with the sham group.
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Figure.3. Effect of ICV-STZ (0.1 mg/site) on the IDO activity (A), TRP levels (B), KYN levels and
KYN/TRP ratio (D) in hippocampus of mice in groups tested 1, 6, 24h and 1 week after an STZ injection. Values
are mean = S.E.M. (n=6-8). *P<0.05, **P<0.01, ***P<0.001 compared with the sham group.

3.2. Open Field Test

Statistical analysis revealed no significant differences in OFT of mice at all groups
(FO X LPS, Fy116 = 0.41, p < 0.53; Fig. 1C).
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3.3. Tail Suspension Test

Two-way ANOVA of immobility time in TST demonstrated a significant effect
of FO/LPS interaction (F116 = 11.1982, p < 0.001; Fig. 1D). The decreased of immobility

time is interpreted as a depressive-like effect caused by supplementation of FO.

3.4. Body Weight

Statistical analysis showed a significant effect against weight loss of FO/LPS
interaction (Fy16 = 42.23, p < 0.001; Fig. 1E). The weight loss is a feature of the sickness
behavior model, the supplementation with FO was able to protect against this characteristic
pathology.

3.5. Corticosterone Levels
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Two-way ANOVA demonstrated a significant main effect of LPS (Fy11, = 66.41, p <
0.001; Fig. 1F), and FO supplementation (F1i, = 6.07, p < 0.02; Fig. 1F). Post hoc
comparisons revealed that LPS significantly increasead corticosterone levels compared to
control group (p < 0.001). The supplementation with FO was able to partially protect against

this increase corticosterone levels caused by LPS (p < 0.02; Fig. 1F).

3.6. Neuroinflammatory Markers

Table 1. Effect of fish oil in oxidative parameters in the brain structures of age old mice.

(pg/mg protein) Adult Age old

Vehicle Fish ol Vehicle Fish oil
Prefrontal Cortex
ROS 170.55£5.66 131.7+5.662 359.6+3.552 268.5+6.33"
GSH 3.05+0.11 3.22+0.19 1.66+0.212 2.45+0.24"
4-HNE 24.68+1.69  26.71+2.31 48.33+4.792 37.03+3.44"
3-NT 167.8£8.65  157.9+2.33 265.3+£10.31% 219.2+4.66"
80HdG 34.67+2.87  37.01+£3.22 59.86+3.942 46.7+2.67"
Hippocampus
ROS 356.848.68  291.5+7.55% 568.6+13.22% 426.8+11.61"
GSH 2.11+0.21 2.17+0.22 1.24+0.112 2.01+0.23°
4-HNE 35.6+2.11 31.4+2.33 52.35+4.61 43.55+3.55"
3-NT 279.6+12.73  301.5+9.65 484.9+9.832 375.1+7.55"
80HdG 28.64+2.18  26.24+2.77 54.27+2.37% 40.50+3.55"
Striatum
ROS 286.9+12.3  244.4+5.668 567.5+7.08°  396.4+11.21™
GSH 2.87+0.15  3.01+0.22 1.77+0.22 2.45+0.22"
4-HNE 36.54+2.12  34.44+3.37 70.14+3.242 49.21+3.01"
3-NT 245.6+7.32 258.716.31 404.7+12.32 277.2+6.31°
80HdG 42.31£3.40  40.77£3.21 68.98+6.042 51.22+3.29"

The values were analyzed by two-way ANOVA and Bonferroni multiple comparison test.

Each value is expressed as the mean £ S.E.M. (n =6).

a P < 0,05 when compared with Vehicle/Adult.

b P < 0.05 when compared with Fish oil/Adult.

¢ P <0.05 when compared with Vehicle/Age old.
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Statistical analysis of IL-1 levels in hippocampus demonstrated a significant
FO/LPS interaction (F;1, = 13.03, p < 0.001). Post hoc comparisons revealed that FO
supplementation attenuated the increase of IL-1B levels caused by LPS (Table. 1).

Similarly, two-way ANOVA of IL-18 levels in the striatum vyielded a
significant FO/LPS interaction (F11, = 14.15, p < 0.001). Post hoc comparisons showed that
the increased IL-1p levels observed in the striatum of LPS -treated mice was mitigated by FO
supplementation (Table. 1).

Significant results were revealed by statistical analysis of IL-1p levels in cortex
for FO/LPS interaction (F112 = 22.89, p < 0.001). Bonferroni post-hoc testing revealed that
FO supplementation attenuated the increase of IL-1B levels caused by LPS (Table. 1).

Statistical analysis of IL-6 in hippocampus demonstrated a significant main effect of
LPS (F112 = 93.08, p < 0.001) and FO supplementation (F11, = 11.13, p < 0.001). FO
supplementation partially protected against the decrease of IL-6 induced by LPS (Table. 1).

Significant results were revealed by statistical analysis of IL-6 levels revealed
that LPS increase levels in striatum of mice compared to control group (Fy12 = 104.32, p <
0.001) and FO supplementation was not capable of attenuating the increase of IL-6 levels
caused by LPS in striatum (Table. 1).

Similarly, two-way ANOVA revealed that LPS significantly increase IL-6
levels in cortex of mice compared to control group (Fi1s = 69.77, p < 0.001). Statistical
analysis showed a FO supplementation was not capable of attenuating the increase of IL-6
levels caused by LPS (Table. 1).

Statistical analysis of TNF-a in hippocampus demonstrated a significant
FO/LPS interaction (F112 = 15.09, p < 0.001). Post hoc comparisons revealed that FO
supplementation attenuated the increase of TNF-a levels caused by LPS (Table. 2).

Similar results were revealed by two-way ANOVA of TNF-a levels in striatum
for FO/LPS interaction (F11, = 26.80, p < 0.001). Bonferroni post-hoc testing revealed that
FO supplementation protect against the increase of TNF-a levels caused by LPS in striatum
(Table. 2).

Significant results were revealed by statistical analysis of TNF-a levels in the cortex of
FO/LPS interaction (Fy 12 = 32.06, p < 0.001). Bonferroni post-hoc testing revealed that FO

supplementation attenuated the increase of TNF-a levels caused by LPS (Table. 2).
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Two-way ANOVA revealed that LPS significantly increase IFN-y levels in
hippocampus of mice compared to control group (F1,12 = 66.35, p < 0.001). Statistical analysis
showed a FO supplementation was not capable of attenuating the increase of IFN-y levels
caused by LPS (Table. 2).

Statistical analysis of IFN-y levels in striatum demonstrated a significant FO/LPS
interaction (F11, = 10.40, p < 0.001). Post hoc comparisons revealed that FO supplementation
attenuated the increase of IFN-y levels caused by LPS in striatum (Table. 2).

Two-way ANOVA revealed that LPS significantly increase IFN-y levels in cortex of
mice compared to control group (F112 = 38.78, p < 0.001). Bonferroni post-hoc testing
showed a FO supplementation was not capable of attenuating the increase of IFN-y levels
caused by LPS in cortex (Table. 2).

3.7. Serotonergic 5-HT receptors and 5-HIAA metabolite

Statistical analysis of 5-HT levels revealed that LPS significantly increase levels in
hippocampus of mice compared to control group (F112 = 5.23, p < 0.04; Fig. 2A). Post hoc
comparisons of 5-HT levels showed a FO supplementation was not capable of attenuating the
increase of 5-HT levels caused by LPS in hippocampus (p < 0.41; Fig. 2A).

Two-way ANOVA of 5-HT levels revealed no significant differences in striatum (FO
X LPS, Fy1, =4.16, p < 0.06; Fig. 2B).

Significant results were revealed by statistical analysis of 5-HT levels in the cortex of
FO/LPS interaction (F112 = 7.23, p < 0.01). Bonferroni post-hoc testing revealed that FO
supplementation attenuated the increase of 5-HT levels caused by LPS (Fig. 2C).

Two-way ANOVA of 5-HIIA levels in hippocampus demonstrated a significant
FO/LPS interaction (Fp12 = 8.09, p < 0.01). Post hoc comparisons revealed that FO
supplementation attenuated the increase of 5-HIIA levels caused by LPS (Fig. 2E).

Statistical analysis demonstrated by statistical analysis of 5-HIIA levels in the striatum
of FO/LPS interaction (F1 1, = 6.68, p < 0.02). Bonferroni post-hoc testing revealed that FO
supplementation attenuated the increase of 5-HIIA levels caused by LPS (Fig. 2F).

Two way ANOVA reveled that LPS significantly increase 5-HIIA levels in cortex of
mice compared to control group (F11, = 58.30, p < 0.001). Post hoc comparisons revealed a
FO supplementation was not capable of attenuating the increase of 5-HIIA levels caused by
LPS (p <0.18; Fig. 2G).
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3.8. Tryptophan and Kynurenine levels

Table 2. Effect of fish oil on kynurenine pathway metabolites in the brain structures of age old mice.

pg/mg protein ult geo
(po/ in) Adul A Id

Vehicle Fish oil Vehicle Fish oil
Prefrontal Cortex
TRP 3125+12.31 313.8+20.51 247.5+10.22 301.1+11.5°
KYN 81.5+6.22 89.5+5.22 194.8+10.75% 149.8+6.96"°
KYNA 3.56+0.21 3.66+0.19 2.55+0.242 3.21+0.19"
3-HK 79.5+6.21 82.7+5.12 201.2+8.722 122.5+7.08™
QA 7.25+0.57 8.35+1.14 19.55+1.342 11.23+1.25%
Hippocampus
TRP 325.5+10.2 336.8+14.2 241.1+11.92 287.3+12.1%
KYN 128.5+5.68 157.4+5.22 268.8+7.332 205.5+8.4,.
KYNA 4.55+0.44 4.1740.41 2.85+0.252 4.11+0.53°
3-HK 92.5+6.55 09.5+6.54 165.3+7.442 119.245.87™
QA 6.01+0.60 6.55+0.55 16.87+1.262 12.91+0.88™
Striatum
TRP 306.5+10.76  292.2+9.23 215.5+7.49% 250.5+8.29"
KYN 08.7+6.85 108.6+8.33 175.5+9.192 148.5+8.22
KYNA 4.77+0.44 4.22+0.43 2.47+0.242 3.88+0.31°
3-HK 85.6+8.61 101.2+6.55 158.8+4.122 132.5+6.88™
QA 7.65+0.57 8.01+0.72 17.6+1.11% 11.41+0.88"°

The values were analyzed by two-way ANOVA and Bonferroni multiple comparison test.

Each value is expressed as the mean £ S.E.M. (n =6).

4P < 0,05 when compared with Vehicle/Adult.

®P < 0.05 when compared with Fish oil/Adult.

°P < 0.05 when compared with Vehicle/Age old.

Statistical analysis of TRP levels in hippocampus demonstrated a significant FO/LPS

interaction (F112 = 4.79, p < 0.04). Post hoc comparisons revealed that FO supplementation

attenuated the increase of TRP levels caused by LPS in hippocampus (Fig. 3A).
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Similary, two-way ANOVA of TRP levels in striatum demonstrated a significant
FO/LPS interaction (Fyi12 = 14.26, p < 0.001). Statistical analysis revealed that FO
supplementation attenuated the increase of TRP levels caused by LPS (Fig. 3B).

Similar results were revealed by statistical analysis of TRP levels in cortex for
FO/LPS interaction (Fy12 = 6.57, p < 0.02). Bonferroni post-hoc testing revealed that FO
supplementation attenuated the increase of TRP levels caused by LPS in cortex (Fig. 3C).

Two-way ANOVA of KYN levels in hippocampus demonstrated a significant FO/LPS
interaction (Fp12 = 8.23, p < 0.01). Statistical analysis revealed that FO supplementation
attenuated the increase of KYN levels caused by LPS (Fig. 3D).

Similarly, statistical analysis of KYN levels in the striatum yielded a significant
FOI/LPS interaction (F112, = 25.31, p < 0.001). Bonferroni post-hoc testing revealed that FO
supplementation attenuated the increase of KYN levels caused by LPS in striatum (Fig. 3E).

Similar results were revealed by two-way ANOVA of KYN levels in cortex for
FO/LPS interaction (F1i12 = 20.99, p < 0.001). Statistical analysis revealed that FO
supplementation attenuated the increase of KYN levels caused by LPS (Fig. 3F).

Statistical analysis revealed that FO/LPS interaction significantly at KYN/TRP
ratio in hippocampus (F112 = 5.83, p < 0.03). Bonferroni post-hoc testing showed a FO
supplementation attenuating the KYN/TRP ratio caused by LPS in hippocampus (Fig. 3G).

Two-way ANOVA revealed that LPS significantly KYN/TRP ratio in striatum of mice
compared to control group (Fy11, = 102.64, p < 0.001). Statistical analysis showed a FO
supplementation was not capable of attenuating the KYN/TRP ratio caused by LPS in cortex
(p <0.23; Fig. 31I).

Significant results by statistical analysis revealed that FO/LPS interaction at
KYN/TRP ratio in cortex (F112 = 10.,79 p < 0.001). Bonferroni post-hoc testing showed a FO
supplementation attenuating the KYN/TRP ratio caused by LPS in cortex (Fig. 3G).

3.9. Kynurenic Acid levels and Kynurenic Acid/Kynurenine ratio

Statistical analysis demonstred no significant differences that KYNA levels in
hippocampus of mice (FO X LPS, F;1, = 0.05, p < 0.82; Fig. 4A). Post hoc comparisons
revealed that FO supplementation increased KYNA levels when compared to control group
(F112=23.72, p < 0.001).

In similar manner, two-way ANOVA revealed no significant differences that KYNA

levels in striatum (FO X LPS, Fy 1, = 1.48, p < 0.24; Fig. 4B).
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The statistical analysis revealed no significant differences that KYNA levels in cortex
of mice (FO X LPS, F11, =0.57, p < 0.46; Fig. 4C). Bonferroni post-hoc testing showed a FO
supplementation increased KYNA levels when compared to control group (F112 = 5.27, p <
0.04).

Two-way ANOVA revealed that LPS significantly KYNA/KYN ratio in hippocampus
of mice compared to control group (Fy 12 = 65.08, p < 0.001). Statistical analysis showed a FO
supplementation attenuating the KYNA/KYN ratio in hippocampus (Fp12 = 7.52, p <
0.01;Fig. 4D).

Similary, statistical analysis revealed that LPS significantly KYNA/KYN ratio in
striatum of mice compared to control group (F11, = 32.05, p < 0.001). Bonferroni post-hoc
testing showed that FO supplementation attenuating the KYNA/KYN ratio in striatum (Fy 1, =
7.21, p <0.01; Fig. 4E).

Similar results were revealed by two-way ANOVA that LPS significantly
KYNA/KYN ratio in cortex of mice compared to control group (F112 = 26.06, p < 0.001).
Statistical analysis revealed that a FO supplementation attenuating the KYNA/KYN ratio in
cortex of mice (F1,1, = 8.81, p < 0.01; Fig. 4F).

3.10. 3-Hydroxykynurenine, Quinolinic Acid levels and 3-
Hydroxykynurenine/kynurenine ratio

Two-way ANOVA of 3-HK levels in hippocampus demonstrated a significant FO/LPS
interaction (Fp12 = 51.84, p < 0.001). The statistical analysis revealed that FO
supplementation attenuated the increase of 3-HK levels caused by LPS (Fig. 5A).

Similarly, statistical analysis of 3-HK levels in the striatum yielded a significant
FO/LPS interaction (Fy 1, = 16.48, p < 0.001). Bonferroni post-hoc testing revealed that FO
supplementation attenuated the increase of 3-HK levels caused by LPS in striatum (Fig. 5B).

Two-way ANOVA revealed that LPS significantly 3-HK levels in cortex of mice
compared to control group (F1 12 =62.30, p <0.001; Fig. 5C). Statistical analysis revealed that
a FO supplementation was not capable of attenuating the 3-HK levels caused by LPS in cortex
of mice (Fig. 5C).

The statistical analysis revealed no significant differences that 3-HK/KYN ratio in
hippocampus of mice (F1 1, = 0.08, p <0.77; Fig. 5D).

Two-way ANOVA revealed that FO supplementattion significantly 3-HK/KYN ratio

in striatum of mice compared to control group (F1 12 = 8.01, p < 0.01; Fig. 5E).
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Statistical analysis showed no significant differences that 3-HK/K'YN ratio in Cortex
of mice (F112 = 0.20, p < 0.66; Fig. 5F).

Two-way ANOVA of QUIN levels in hippocampus demonstrated a significant
FO/LPS interaction (F11, = 11.38, p < 0.001). Bonferroni post-hoc testing showed that FO
supplementation attenuated the increase of QUIN levels caused by LPS in hippocampus (Fig.
5G).

Similary, statistical analysis of QUIN levels in striatum showed a significant FO/LPS
interaction (Fy12 = 40.43, p < 0.001). Two-way ANOVA revealed that FO supplementation
attenuated the increase of QUIN levels caused by LPS (Fig. 5H).

The results were revealed significant by statistical analysis of QUIN levels in cortex
for FO/LPS interaction (F112, = 36.99, p < 0.001). Bonferroni post-hoc testing revealed that
FO supplementation attenuated the increase of QUIN levels caused by LPS in cortex (Fig. 51).

3.11. Indoleamine-2,3-dioxygenase, Kynurenine 3-monoxygenase and Kynurenine
aminotransferase activities

Table 3 Effect of fish oil on kynurenine pathway enzymes in the brain structures of age old mice.

(pg/mg protein) Adult Age old
Vehicle Fish oil Vehicle Fish oil
Prefrontal Cortex
IDO 101.2+4.66 115.5+3.24 164.5+6.032 125.6+4.03°
KMO 103.8+7.12 113.4+5.56 181.2+7.222 127.2+3.88™
KAT 107.6+9.07 114.1+2.39 71.77+£3.872 85.93+6.24"
Hippocampus
IDO 104.5+5.68 108.6+6.23 153.6+7.562 114.5+7.22°
KMO 101.3+3.66 112.8+8.65 159.8+4.12 118.5+10.2°
KAT 102.2+6.33 95.6+7.12 71.2345.752 89.9+5.01°
Striatum
IDO 97.5+3.11 102.5+6.22 167.2+6.332 108.6+8.66°
KMO 101.3+4.55 108.5+6.78 177.6+8.012 137.6+3.78
KAT 110.2+4.56 122.5+8.79 62.57+4.112 101.5+4.68°

The values were analyzed by two-way ANOVA and Bonferroni multiple comparison test.

Each value is expressed as the mean £ S.E.M. (n =6).
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a P < 0,05 when compared with Vehicle/Adult.
b P < 0.05 when compared with Fish oil/Adult.

¢ P < 0.05 when compared with Vehicle/Age old.

Statistical analysis of IDO activity in hippocampus demonstrated a significant FO/LPS
interaction (F11, = 12.81, p < 0.001). Bonferroni post-hoc testing showed that FO
supplementation attenuated the increase of IDO activity caused by LPS in hippocampus (Fig.
6A).

Similary, two-way ANOVA of IDO activity in striatum demonstrated a significant
FO/LPS interaction (F112 = 16.91, p < 0.001). Statistical analysis revealed that FO
supplementation attenuated the increase of IDO activity caused by LPS (Fig. 6B).

The statistical analysis of IDO activity in the cortex yielded a significant main effect
of LPS (F112, = 46.12, p < 0.001) and FO supplementation (F11, = 14.86, p < 0.001). FO
supplementation partially protected against the decrease IDO activity induced by LPS in
cortex (p < 0.001; Fig. 6C).

Two way of KMO activity in hippocampus demonstrated a a significant main effect of
LPS (F112 = 30.16, p < 0.001) and FO supplementation (Fy 12 = 17.30, p < 0.001). Bonferroni
post-hoc testing revealed that FO supplementation partially protected against the decrease
KMO activity induced by LPS in cortex (p <0.001; Fig. 6D).

Statistical analysis of KMO activity in the striatum yielded a significant main effect of
LPS (Fp12 = 121.96, p < 0.001) and FO supplementation (Fy1, = 25.69, p < 0.001). FO
supplementation partially protected against the decrease KMO activity induced by LPS (Fig.
6E).

In similar manner, two-way ANOVA of KMO activity in cortex demonstrated a
significant main effect of LPS (F1 1, = 136.33, p < 0.001) and FO supplementation (Fy 1, =
9.89, p < 0.001). FO supplementation partially protected against the decrease KMO activity
induced by LPS in cortex (p < 0.001; Fig. 6F).

Two-way ANOVA of KAT activity in hippocampus showed a FO supplementation
caused increase enzyme activity when compared a control group (F11, = 55.40, p < 0.001;
Fig. 6G).

Statistical analysis of KAT activity in striatum demonstrated a significant FO/LPS
interaction (F11, = 12.01, p < 0.001). Bonferroni post-hoc testing showed that FO
supplementation attenuated the increase of KAT activity caused by LPS (Fig. 6H).
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Post hoc comparisons of KAT activity in cortex showed a FO supplementation caused
increase enzyme activity when compared a control group (F11, = 88.79, p < 0.001; Fig. 61).

4. Discussion

The aging is a complex process cumulative changes which can affect many tissues and
processes leading to highly complex functional alterations in recent years, the KP has
generated considerable interest among neuroscientists, following the consistent observation of
elevated levels of KYN and other metabolites of the KP of various neuropathological
conditions and other diseases involving immune activation (Wu, 2013; BERTAZZOA,
2001;). However, few studies have investigated changes in TRP metabolism with aging, so
this study aimed to evaluate changes in the levels of key enzymes, IDO, KMO and KAT
involved in the metabolism of the amino acid tryptophan via the kynurenine (KP), that under
conditions immune activation is mentioned in the aging process, as their products and TRP
products, KYN, KYNA, 3-HK and QA, and compounds indicators of cell damage by
oxidative stress in brain tissue prefrontal cortex, hippocampus and striatum, and the possible
protective effect of fish oil on these parameters.

In the open field memory test there was no difference in the test object recognition in
time of 4:24 hours, the group of elderly mice treated with fish oil spent more time recognizing
the newly inserted object, such as the youth group treated mice with fish oil, causing the
animals to explore longer the new object, as is its exploratory nature, than the old one that had
already been explored. In the Barnes maze test the old mice treated with fish oil had fewer
errors and found the right place more easily than the elderly control group. These tests
demonstrate that the fish oil assists in preserving both the short term memory and long in
mice.

In Table 1 are shown the levels of certain enzymes KP, they are IDO, KMO and KAT,
brain tissue prefrontal cortex, hippocampus and striatum.

IDO enzyme had its increased levels (Table 1) in the elderly group in all tissues
compared to the new control group, contrary to that report (Badawy, 2015; COMAI, 2005)
indicating, under normal conditions, that with aging to this enzyme levels will decaying, but
their increase in the aging process has been described (OXENKRUG, 2011,
THEOFYLAKTOPOULOQU, 2013) by increasing inflammation activation of IFN-y which
acts by increasing the activity of IDO, as well as proinflammatory cytokines IL 1b and tumor

necrosis factor TNF-a which exert no effect on IDO, but potentiate its induction by IFN-y on
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the other hand, the anti-inflammatory cytokine IL 4 and IL-10 and growth factor TGF inhibit
induction of IDO by IFN-y (Badawy, 2013). The increase in enzyme levels is also related to
immune activation in viral, parasitic infections, autoimmune disease and certain neurological
diseases (Mackenzie, 1999). The supplementation with fish oil could protect all tissues
increasing the IDO enzyme activity, possibly due to its antioxidant capacity that can modulate
inflammation levels.

The KMO is a dependent FAD monooxygenase and is located on the outer
mitochondrial membrane where it converts L-kynurenine to 3-hydroxykynurenine (Smith,
2016), had their levels increased in the group without supplementation elderly, the prefrontal
cortex tissues and striatum, the hippocampus there was no significant difference when
compared with the control and fish oil had partial effect on their levels probably its increase is
related to levels of IDO in KP was increased. Being a KMO branch point in KP studies
(BREDA, 2016; AMARAL, 2013) is seeking to develop inhibitors for this enzyme because it
IS an attractive point for the treatment of neurodegenerative diseases one and
neuroinflammatory conditions.

The kynurenine aminotransferase (KAT), an enzyme that catalyzes the synthesis of
kynurenic acid (KYNA) by KP (HAN, 2010), had a decrease in their levels in the elderly
group of mice in all tissues analyzed.

Comai, 2015 found that there was a decrease of this enzyme in hepatic tissues without
aged rats 18 months, although the testing has been realisadas in different tissues, our results
support that these levels may be related to cell age and tissue damage probably caused by
reactive oxygen species or alteration of enzyme activity with increasing age. Supplementation
with fish oil managed to reverse the values to control levels, except in the prefrontal cortex,
where he obtained partial control. Vamos, 2009 describes that studies on KP for possible
inhibition of KMO and overactivation of KAT, as the reason for its metabolites are essences
for the balance and performance of the cell, to offer new therapeutic opportunities, such as
development of new and powerful compounds as a promising outlook for brain
neuroprotection.

The levels of TRP (Table 2) were aged at low levels in the vehicle group, studies
corroborate our data BRAYDI 2011, they found a significant decrease in age-related TRP
content in brain, liver and kidney. In humans it was observed the entire contents of the TRP at
least 12% plasma about the elderly. This decrease in TRP can contribute to the development

of immunodeficiency observed in elderly subjects (FRICK, 2004). TRP is a parameter that
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can be influenced by many factors, including nutritional, hormonal, psychological and
pharmacological agents (Badawy, 2015). The high levels of the enzyme IDO found may be
related to the reduction of TRP in the brain tissue, since this is the key enzyme for its
metabolism by KP was at high levels in the elderly control group. Therefore, the altered
tryptophan metabolism in aged subjects was related to vitamin B6 and nicotinamide
deficiency. The values found in the elderly group treated with fish oil showed a complete
protection only in the prefrontal cortex, in other tissues there was only partial protection. TRP
levels reduced either by increasing its catabolism or reduced absorption can decrease the
anabolism of serotonin and thus may be associated with increased vulnerability to depression
and neuropsychiatric conditions (braidy, 2009).

The Particularly KP is modulated by the regulatory mechanisms of the immune
response and by the redox status. The KYN presented was high in all tissues analyzed in the
elderly control group, the main hypothesis is the action of IDO enzyme which metabolizes
about 95-99% of the TRP (Myint and Kim, 2014; ESQUIVEL, 2016) encontrou- is high in
the elderly group vehicle through degradation by KP a series of reactions will be triggered,
forming different products with different functions. Supplementation with fish oil exerted

partial protection in all tissues.

4.1. KYNA

It is synthesized from L-KYN in enzymatic reactions mediated by kynurenine
aminotransferase (KAT). KYNA levels presented decreased in the old control group, as in the
old fish oil group had total protection in the hippocampus and striatum, this is due to KAT
levels that were also full protection in these tissues, as in the prefrontal cortex where the
enzyme was obtained partial protection, it occurred to its metabolite to KYNA where there
was partial protection. It is known that KYNA level changes in several neurodegenerative
disorders: it decreases in epilepsy, infantile spasms and Huntington's disease (HD), and

increases Alzheimer's disease (AD) and viral infections, among others (WE 2009) .

4.2. 3-HK

In the elderly control group had increased levels with supplementation there was a
partial protection of tissues, but contrary to what happened with KAT and its KYNA product

in the tissue where there was a total protection of KMO in the hippocampus, this protection
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was not constant product showed partial protection. The generation of 3-HK is potentially
toxic and is linked to ROS production.

4.3. QA

In the elderly control group in all tissues increased by QA and supplementation with
fish oil could partially reverse these levels. QA can increase release of glutamate by neurons,
promote lipid peroxidation, resulting in the formation of reactive oxygen species which
mediate lipid peroxidation, and can potentiate their own toxicity and other excitotoxins.

In Table 3 there quantification of substances involved in oxidative stress, which
indicate the levels of reactive oxygen species, lipid peroxidation, protein oxidation, DNA and
antioxidant enzyme in the brain. oxidation levels measured by these different compounds
were elevated in the elderly control group, and reduced antioxidant enzyme supplementation
with most showed partial protection, except for the full protection of GSH in the hippocampus
and the striatum 3NT. Although the cause of these effects is unknown, possibly it is related to
cellular damage and age-dependent tissues, probably caused by reactive oxygen species and a
change in enzyme activity with increasing age.

With the possibility of influencing the path kynurenine, which is the primary pathway
for the metabolism of essential amino acid TRP in mammalian tissues including the brain, to
reduce the 3-HK and increase the level of KYNA in the brain there is a new target for acting
drugs that alter this balance, reducing excitotoxins and increasing neuroprotective. Through
the analysis performed you can check that aging causes an inflammatory process that alters
the functioning of various systems such as the KP that play a key role in immune tolerance
and its activation has been implicated in the pathogenesis of neuroinflammatory and
neurodegenerative disorders. The fish oil proved to be valid as a supplement lifelong seen that
in all analyzed parameters could protect tissues of older mice partially and sometimes

complete.
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GUIDE FOR AUTHORS

INTRODUCTION

The editors of The Journal of Nutritional Biochemistry (JNB) welcome the submission of original
manuscripts on experimental and clinical nutrition as it interfaces with biochemistry, molecular
biology, physiology, and toxicology. The scope of the journal includes the broad area of in vitro
and in vivo studies of mechanistic aspects of nutritional sciences. The criteria for acceptance of
papers submitted for publication are originality, quality and clarity of the content. Each manuscript is
internally reviewed and prioritized before a full external review takes place. All contributions must be
based on original, unpublished research and will be peer reviewed. All authors bear responsibility for
ensuring the integrity and quality of their reported research. It is the author's responsibility to secure
permission to use figures or tables that have been published elsewhere.

Contributions may be classified as original research or review articles. Most review articles are invited
by the editor. Authors interested in submitting a review article should contact the editorial office.
The rapid publication of original manuscripts is a goal of the journal. Manuscripts must be written in
English. Each manuscript is considered for publication with the understanding that it has not been
submitted to any other journal. Upon acceptance for publication, papers are subject to editorial review
and revision.

All manuscripts submitted to JVB are checked for plagiarism. Any suspect of plagiarism or data
manipulation will result in automatic rejection of a manuscript, independent of stage of review or
publication process.

Dr. Bernhard Hennig, Editor-in-Chief

The Journal of Nutritional Biochemistry
University of Kentucky

900 Limestone Street

Rm. 599, Wethington Health Sciences Building
Lexington, KY 40536-0200

E-mail address: INB@uky.edu

Fax: 859-257-1811

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential conflicts of interest include
employment, consultancies, stock ownership, honoraria, paid expert testimony, patent applications/
registrations, and grants or other funding. If there are no conflicts of interest then please state this:
'Conflicts of interest: none'. More information.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Sources of funding for the article should
be acknowledged in a footnote on the title page. Affiliations of authors should include corporate
appointments relating to or in connection with products or companies mentioned in the article,
or otherwise bearing on the subject matter thereof. Other pertinent financial relationships, such
as consultancies, stock ownership or other equity interests or patent-licensing arrangements,
should be disclosed to the Editor-in-Chief in the cover letter at the time of submission.
Such relationships may be disclosed in the Journal at the discretion of the Editor-in-Chief
in footnotes appearing on the title page. Examples of potential conflicts of interest include
employment, consultancies, stock ownership, honoraria, paid expert testimony, patent applications/
registrations, and grants or other funding. See also http://www.elsevier.com/conflictsofinterest.
Further information and an example of a Conflict of Interest form can be found at:
http://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing.
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Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see 'Multiple, redundant or concurrent publication' section of our ethics policy for more
information), that it is not under consideration for publication elsewhere, that its publication is
approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or
in any other language, including electronically without the written consent of the copyright-holder. To
verify originality, your article may be checked by the originality detection service CrossCheck.

The cover letter must state that: all authors listed have contributed to the work, all authors have read,
approved and agreed to submit the manuscript to JNB, no part of the work has been published before,
except in abstract form, and all human and animal studies have been reviewed by the appropriate
ethics committees. All authors listed in a manuscript submitted to JNB must have contributed
substantially to the work, participated in the writing of the manuscript, and seen and approved the
submitted version. All individuals who have contributed to the writing of the manuscript must be listed
as authors. The editor reserves the right to reject manuscripts that do not comply with the above-
mentioned requirements

All authors should have made substantial contributions to all of the following: (1) the conception and
design of the study, or acquisition of data, or analysis and interpretation of data, (2) drafting the
article or revising it critically for important intellectual content, (3) final approval of the version to
be submitted.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of open access articles
is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.
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You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the Open
Access Publication Fee. Details of existing agreements are available online.

After acceptance, open access papers will be published under a noncommercial license. For authors
requiring a commercial CC BY license, you can apply after your manuscript is accepted for publication.

This journal offers authors a choice in publishing their research:

Open access

e Articles are freely available to both subscribers and the wider public with permitted reuse.

e An open access publication fee is payable by authors or on their behalf, e.g. by their research funder
or institution.

Subscription

e Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

e No open access publication fee payable by authors.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The open access publication fee for this journal is USD 3000, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form.

This journal has an embargo period of 12 months.

Elsevier Publishing Campus

The Elsevier Publishing Campus (www.publishingcampus.com) is an online platform offering free
lectures, interactive training and professional advice to support you in publishing your research. The
College of Skills training offers modules on how to prepare, write and structure your article and
explains how editors will look at your paper when it is submitted for publication. Use these resources,
and more, to ensure that your submission will be the best that you can make it.
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Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via
http://www.evise.com/evise/faces/pages/navigation/NavController.jspx?JRNL_ACR=INB.

Please submit with the manuscript, the names, addresses and e-mail addresses of 4 to 6 potential
reviewers. Please be sure to give complete contact information with the e-mail address being the
most important. Note that the editor retains the sole right to decide whether or not the suggested
reviewers are used.

PREPARATION

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 X
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images and in accordance with all technical requirements: Illustration Service.

Highlights

Highlights are a short collection of bullet points that convey the core findings of the article. Highlights
are optional and should be submitted in a separate editable file in the online submission system.
Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters,
including spaces, per bullet point). You can view example Highlights on our information site.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Where the family name may be ambiguous (e.g., a double name),
please indicate this clearly. Present the authors' affiliation addresses (where the actual work was
done) below the names. Indicate all affiliations with a lower-case superscript letter immediately after
the author's name and in front of the appropriate address. Provide the full postal address of each
affiliation, including the country name and, if available, the e-mail address of each author.
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e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that phone numbers (with country and area
code) are provided in addition to the e-mail address and the complete postal address.
Contact details must be kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

¢ A running title of up to 50 characters;

e Grants, sponsors, and funding sources;

e Up to six key words

A concise and factual abstract is required. The abstract should state briefly (up to 250 words) the
purpose of the research, the principal results and major conclusions. An abstract is often presented
separately from the article, so it must be able to stand alone. For this reason, References should
be avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in the
abstract itself.

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Divide your article into clearly defined and numbered sections consisting of Introduction, Materials
and Methods, Results, and Discussion. Subsections should be nhumbered 1.1 (then 1.1.1, 1.1.2, ...),
1.2, etc. (the abstract is not included in section numbering). Use this numbering also for internal
cross-referencing: do not just refer to 'the text'. Any subsection may be given a brief heading. Each
heading should appear on its own separate line.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eqg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Embedded math equations
If you are submitting an article prepared with Microsoft Word containing embedded math equations
then please read this related support information.

Chemical compounds

You can enrich your article by providing a list of chemical compounds studied in the article. The list of
compounds will be used to extract relevant information from the NCBI PubChem Compound database
and display it next to the online version of the article on ScienceDirect. You can include up to 10
names of chemical compounds in the article. For each compound, please provide the PubChem CID
of the most relevant record as in the following example: Glutamic acid (PubChem CID:611). Please
position the list of compounds immediately below the 'Keywords' section. It is strongly recommended
to follow the exact text formatting as in the example below:

Chemical compounds studied in this article

Ethylene glycol (PubChem CID: 174); Plitidepsin (PubChem CID: 44152164); Benzalkonium chloride
(PubChem CID: 15865)

More information.

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].
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It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

All laboratory data should be presented in SI units. See Young, DS. Implementation of SI units for
clinical laboratory data. J Nutr Biochem 1990; 1: 599-633.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Embed the used fonts if the application provides that option.

e Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

e Provide captions to illustrations separately.

¢ Size the illustrations close to the desired dimensions of the published version.

e Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.
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Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Illustration services

Elsevier's WebShop offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual authors
can be referred to, but the reference number(s) must always be given.

List: Number the references (numbers in square brackets) in the list in the order in which they appear
in the text.

Examples:

Reference to a journal publication:

[1] Van der Geer ], Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci Commun
2010;163:51-9.

Reference to a book:

[2] Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.

Reference to a chapter in an edited book:

[3] Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, Smith
RZ, editors. Introduction to the electronic age, New York: E-Publishing Inc; 2009, p. 281-304.
Reference to a website:

[4] Cancer Research UK. Cancer statistics reports for the UK, http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/; 2003 [accessed 13.03.03].

Note shortened form for last page number. e.g., 51-9, and that for more than 6 authors the first 6
should be listed followed by 'et al.' For further details you are referred to 'Uniform Requirements for
Manuscripts submitted to Biomedical Journals' (J Am Med Assoc 1997;277:927-34) (see also Samples
of Formatted References).
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Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and full citation
details are not yet known, but the article is available online. A DOI is guaranteed never to change,
SO you can use it as a permanent link to any electronic article. An example of a citation using DOI
for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M.
(2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal
of Geophysical Research, http://dx.doi.org/10.1029/2001JB000884i. Please note the format of such
citations should be in the same style as all other references in the paper.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/the-journal-of-nutritional-biochemistry

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum size
of 150 MB. Video and animation files supplied will be published online in the electronic version of your
article in Elsevier Web products, including ScienceDirect. Please supply 'stills' with your files: you can
choose any frame from the video or animation or make a separate image. These will be used instead
of standard icons and will personalize the link to your video data. For more detailed instructions please
visit our video instruction pages. Note: since video and animation cannot be embedded in the print
version of the journal, please provide text for both the electronic and the print version for the portions
of the article that refer to this content.

Supplementary material can support and enhance your scientific research. Supplementary files
offer the author additional possibilities to publish supporting applications, high-resolution images,
background datasets, sound clips and more. Please note that such items are published online exactly
as they are submitted; there is no typesetting involved (supplementary data supplied as an Excel
file or as a PowerPoint slide will appear as such online). Please submit the material together with the
article and supply a concise and descriptive caption for each file. If you wish to make any changes to
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supplementary data during any stage of the process, then please make sure to provide an updated
file, and do not annotate any corrections on a previous version. Please also make sure to switch off the
"Track Changes' option in any Microsoft Office files as these will appear in the published supplementary
file(s). For more detailed instructions please visit our artwork instruction pages.

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words
and to help readers understand what the paper is about. More information and examples are
available. Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One author has been designhated as the corresponding author with contact details:

e E-mail address

e Full postal address

All necessary files have been uploaded, and contain:

e Keywords

e All figure captions

¢ All tables (including title, description, footnotes)

Further considerations

e Manuscript has been 'spell-checked' and 'grammar-checked'

e References are in the correct format for this journal

¢ All references mentioned in the Reference list are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

Printed version of figures (if applicable) in color or black-and-white

¢ Indicate clearly whether or not color or black-and-white in print is required.

For any further information please visit our Support Center.

Revised Manuscripts

Please provide a separate file that clearly addresses the reviewers concerns. Authors should use a red
colored font to mark any changes to the text in the revised manuscript. Once a revised manuscript
is accepted for publication, a proof is prepared and submitted for final review to the corresponding
author. Subsequently, the corrected proof will be published in JNB online as an 'article-in-press'
available for immediate citation. The authors are solely responsible for the accuracy of their articles.
Once a manuscript is selected for inclusion in an issue, the article will be updated with volume, issue,
and page information.

Scientific Correspondence
Letters to the Editor will be considered for publication at the discretion of the editor. Submission of a
letter constitutes permission for publication. Letters are subject to editing and abridgement.

AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
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stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

AUTHOR INQUIRIES

Track your submitted article
Track your accepted article
You are also welcome to contact the Elsevier Support Center.

© Copyright 2014 Elsevier | http://www.elsevier.com
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