Wo

troenterology

World | Gastro.

Baishideng Publishing Group Inc




/{/ (]‘ World Journal of
Gastroenterology

Contents Weekly Volume 23 Number 25 July 7, 2017

EDITORIAL
4473  Challenges of modern day transition care in inflammatory bowel disease: From inflammatory bowel
disease to biosimilars

Hakizimana A, Ahmed I, Russell R, Wright M, Afzal NA

REVIEW
4480 Expression and role of nuclear receptor coregulators in colorectal cancer

Triki M, Lapierre M, Cavailles V, Mokdad-Gargouri R

4491  Eubiotic properties of rifaximin: Disruption of the traditional concepts in gut microbiota modulation

Ponziani FR, Zocco MA, D’Aversa F, Pompili M, Gasbarrini A

MINIREVIEWS
4500 Localization and role of metabotropic glutamate receptors subtype 5 in the gastrointestinal tract

Ferrigno A, Berardo C, Di Pasqua LG, Siciliano V, Richelmi P, Vairetti M

ORIGINAL ARTICLE
Basic Study
4508 Treatment with dimethyl fumarate ameliorates liver ischemia/reperfusion injury

Takasu C, Vaziri ND, Li S, Robles L, Vo K, Takasu M, Pham C, Farzaneh SH, Shimada M, Stamos MJ, Ichii H

4517 Enhanced electrogastrography: A realistic way to salvage a promise that was never kept?

Poscente MD, Mintchev MP

4529  Glutamine prevents oxidative stress in a model of portal hypertension

Zabot GP, Carvalhal GE, Marroni NP, Licks F, Hartmann RM, da Silva VD, Fillmann HS

4538  Hepatitis C virus NS5A region mutation in chronic hepatitis C genotype 1 patients who are non-responders
to two or more treatments and its relationship with response to a new treatment
Muiioz de Rueda P, Fuentes Rodriguez JM, Quiles Pérez R, Gila Medina A, Martin Alvarez AB, Casado Ruiz J, Ruiz

Extremera A, Salmerén J

4548  Distinct gut microbiota profiles in patients with primary sclerosing cholangitis and ulcerative colitis

Bajer L, Kverka M, Kostovcik M, Macinga P, Dvorak J, Stehlikova Z, Brezina J, Wohl P, Spicak J, Drastich P

Raishidenge ~ WJG | www.wjgnet.com 1 July 7,2017 | Volume 23 | Issue 25 |



World Journal of Gastroenterology

SellEdi Volume 23 Number 25 July 7, 2017

4559  Anti-inflammatory and anti-apoptotic effects of rosuvastatin by regulation of oxidative stress in a dextran
sulfate sodium-induced colitis model

Shin SK, Cho JH, Kim EJ, Kim EK, Park DK, Kwon KA, Chung JW, Kim KO, Kim YJ

4569 miR-29a promotes hepatitis B virus replication and expression by targeting SMARCE1 in hepatoma
carcinoma

Wu HJ, Zhuo Y, Zhou YC, Wang XW, Wang YP, Si CY, Wang XH

Retrospective Cohort Study
4579  Management and outcome of hepatocellular adenoma with massive bleeding at presentation

Klompenhouwer AJ, de Man RA, Thomeer MGJ, Ijzermans JNM

Retrospective Study
4587  Chronic hepatitis B, nonalcoholic steatohepatitis and physical fitness of military males: CHIEF study

Chen YJ, Chen KW, Shih YL, Su FY, Lin YP, Meng FC, Lin F, Yu YS, Han CL, Wang CH, Lin JW, Hsieh TY, Li YH, Lin GM

4595  Comparison of short- and long-term outcomes of laparoscopic vs open resection for gastric gastrointestinal
stromal tumors

Ye X, Kang WM, Yu JC, Ma ZQ, Xue ZG

Observational Study
4604  Functional lipidomics in patients on home parenteral nutrition: Effect of lipid emulsions

Pironi L, Guidetti M, Verrastro O, lacona C, Agostini F, Pazzeschi C, Sasdelli AS, Melchiorre M, Ferreri C

4615  Cryptogenic multifocal ulcerous stenosing enteritis: Radiologic features and clinical behavior

Hwang J, Kim JS, Kim AY, Lim JS, Kim SH, Kim MJ, Kim MS, Song KD, Woo JY

4624  Partners of patients with ulcerative colitis exhibit a biologically relevant dysbiosis in fecal microbial
metacommunities

Chen GL, Zhang Y, Wang WY, Ji XL, Meng F, Xu PS, Yang NM, Bo XC

Randomized Controlled Trial
4632  Long-term irritable bowel syndrome symptom control with reintroduction of selected FODMAPs

Harvie RM, Chisholm AW, Bisanz JE, Burton JP, Herbison P, Schultz K, Schultz M

EVIDENCE-BASED MEDICINE
4644  Anti-apoptotic effect of banhasasim-tang on chronic acid reflux esophagitis

Shin MR, An HJ, Seo BI, Roh SS

Raishidenge ~ WJG | www.wjgnet.com I July 7,2017 | Volume 23 | Issue 25 |



World Journal of Gastroenterology

e Volume 23 Number 25 July 7, 2017

SYSTEMATIC REVIEWS
4654  Nosocomial spontaneous bacterial peritonitis antibiotic treatment in the era of multi-drug resistance
pathogens: A systematic review

Fiore M, Maraolo AE, Gentile I, Borgia G, Leone S, Sansone P, Passavanti MB, Aurilio C, Pace MC

Raishidenge ~ WJG | www.wjgnet.com 111 July 7,2017 | Volume 23 | Issue 25 |



Contents

World Journal of Gastroenterology
Volume 23 Number 25 July 7, 2017

ABOUT COVER

Editorial board member of World Journal of Gastroenterology, Ludovico
Abenavoli, MD, MSc, PhD, Associate Professor, Health Sciences, University
Magna Graecia, Campus Germaneto, Viale Europa, 88100 Catanzaro, Italy

AIMS AND SCOPE

World Journal of Gastroenterology (World | Gastroenterol, WJ]G, print ISSN 1007-9327, online
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. ]G was estab-
lished on October 1, 1995. It is published weekly on the 7" 14th, 21, and 28" each month.
The WJ]G Editorial Board consists of 1375 experts in gastroenterology and hepatology
from 68 countries.

The primary task of WJ]G is to rapidly publish high-quality original articles, reviews,
and commentaries in the fields of gastroenterology, hepatology, gastrointestinal endos-
copy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastroin-
testinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional ther-
apy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterol-
ogy, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biol-
ogy, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics,
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal
therapeutics. WJG is dedicated to become an influential and prestigious journal in gas-
troenterology and hepatology, to promote the development of above disciplines, and to
improve the diagnostic and therapeutic skill and expertise of clinicians.

INDEXING/ABSTRACTING

Waorld Journal of Gastroenterolagy (WJG) is now indexed in Current Contents®/Clinical Medicine,
Science Citation Index Expanded (also known as SciSearch®), Journal Citation Reports”, Index
Medicus, MEDLINE, PubMed, PubMed Central and Directory of Open Access Journals. The
2017 edition of Journal Citation Reports® cites the 2016 impact factor for WJG as 3.365 (5-year
impact factor: 3.176), ranking ]G as 29" among 79 journals in gastroenterology and hepatol-

ogy (quartile in category Q2).

FLYLEAF I-IX

Editorial Board

EDITORS FOR
THIS ISSUE

Responsible Electronic Editor: Fer-Fen Zhang
Proofing Editor-in-Chief: Lian-Sheng Ma

Responsible Assistant Editor: Xiang Li

Responsible Science Editor: Ze-Mao Gong
Proofing Editorial Office Director: Jin-Iei Wang

NAME OF JOURNAL
World Journal of Gastroenterology

ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

LAUNCH DATE
October 1, 1995

FREQUENCY
Weekly

EDITORS-IN-CHIEF

Damian Garcia-Olmo, MD, PhD, Doctor, Profes-
sor, Surgeon, Department of Surgery, Universidad
Autonoma de Madrid; Department of General Sur-
gery, Fundacion Jimenez Diaz University Hospital,
Madrid 28040, Spain

Stephen C Strom, PhD, Professor, Department of
Laboratory Medicine, Division of Pathology, Karo-
linska Institutet, Stockholm 141-86, Sweden

Andrzej S Tarnawski, MD, PhD, DSc (Med),
Professor of Medicine, Chief Gastroenterology, VA
Long Beach Health Care System, University of Cali-
fornia, Irvine, CA, 5901 E. Seventh Str., Long Beach,

CA 90822, United States http:/ /www.wjgnet.com

EDITORIAL BOARD MEMBERS
All editorial board members resources online at http://
www.wignet.com/1007-9327/editorialboard.htm

PUBLICATION DATE
July 7, 2017

COPYRIGHT

EDITORIAL OFFICE © 2017 Baishideng Publishing Group Inc. Articles pub-

Jin-Lei Wang, Director

Yuan Qj, Vice Director

Ze-Mao Gong, Vice Director
World Journal of Gastroenterology
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501,
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242

Fax: +1-925-2238243

E-mail: editorialoffice@wijgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http:/ /www.wjgnet.com

PUBLISHER

Baishideng Publishing Group Inc

7901 Stoneridge Drive, Suite 501,

Pleasanton, CA 94588, USA

Telephone: +1-925-2238242

Fax: +1-925-2238243

E-mail: bpgoffice@wijgnet.com

Help Desk: http://www.f6publishing.com/helpdesk

lished by this Open-Access 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 commercial and is
otherwise in compliance with the license.

SPECIAL STATEMENT

All articles published in journals owned by the Baishideng
Publishing Group (BPG) represent the views and opin-
ions of their authors, and not the views, opinions or
policies of the BPG, except where otherwise explicitly
indicated.

INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wignet.com/bpg/gerinfo/204

ONLINE SUBMISSION
http:/ /www.f6publishing.com

JRaishideng®

WIJG | www.wjgnet.com

v

July 7,2017 | Volume 23 | Issue 25 |




W J

World Journal of
Gastroenterology

Submit a Manuscript: http:/ /www.f6publishing.com

DOI: 10.3748 / wjg.v23.i25.4604

World | Gastroenterol 2017 July 7; 23(25): 4604-4614

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Observational Study
Functional lipidomics in patients on home parenteral
nutrition: Effect of lipid emulsions

ORIGINAL ARTICLE

Loris Pironi, Mariacristina Guidetti, Ornella Verrastro, Claudia Iacona, Federica Agostini, Caterina Pazzeschi,

Anna Simona Sasdelli, Michele Melchiorre, Carla Ferreri

Loris Pironi, Mariacristina Guidetti, Ornella Verrastro,
Claudia Iacona, Federica Agostini, Caterina Pazzeschi, Anna
Simona Sasdelli, Chronic Intestinal Failure Center, Digestive
Disease Department, St Orsola-Malpighi Hospital, 40138
Bologna, Italy

Michele Melchiorre, Lipinutragen Srl-Lipidomics Laboratory,
40100 Bologna, Italy

Carla Ferreri, ISOF, National Council of Research, 40100
Bologna, Italy

Author contributions: Pironi L was the guarantor and designed
the study; Pironi L, Guidetti M and Ferreri C contributed
equally to the work; Pironi L, Verrastro O, Iacona C, Agostini F,
Pazzeschi C and Sasdelli AS performed the research; Melchiorre
M contributed to the utilization of analytic tools and to data
collection; Pironi L, Guidetti M and Ferreri C carried out the
statistical analysis of the data and wrote the paper; all authors
contributed to this manuscript.

Institutional review board statement: The study was reviewed
and approved by the Ethics Committee of St Orsola-Malpighi
University Hospital, Bologna, Italy.

Informed consent statement: All study participants, or their
legal guardian representatives, provided informed written consent
prior to study enrollment.

Conflict-of-interest statement: Prof. Loris Pironi has been a
consultant for Baxter SpA, Shire SpA and BBraun SpA; Prof.
Carla Ferreri is a co- founder of Lipinutragen srl, originating
as a spin-off company officially recognised by the National
Council of Research, Italy. Lipinutragen srl is concerned with
the applications of membrane lipidomics regarding molecular
diagnostics and health care, and participated in the study by
paying the salary of one employee involved in the analyses
and data collection (Michele Melchiorre). This does not alter
the authors’ adherence to all policies of the World Journal of
Gastroenterology as to sharing data and materials, which are
unrestricted. No other competing interests of any nature (financial,
non-financial, professional or personal) exist. Lipinutragen srl

Baishidenge ~ WJG | www.wjgnet.com

4604

provided support in the form of a salary for Michele Mechiorre
who was involved in GC-analysis of the FAs profile of IVLEs
and of the RBC membrane, and in data collection, but did not
have any additional role in the study design, decision to publish,
or writing of the manuscript.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Loris Pironi, MD, PhD, Professor,
Director, Chronic Intestinal Failure Center, Digestive Disease
Department, St Orsola-Malpighi Hospital, Via Massarenti 9,
40138 Bologna, Italy. loris.pironi@unibo.it

Telephone: +39-51-6363073

Fax: +39-51-6363073

Received: December 16, 2016
Peer-review started: December 19, 2016
First decision: February 10, 2017
Revised: April 7, 2017

Accepted: June 1, 2017

Article in press: June 1, 2017

Published online: July 7, 2017

Abstract

AIM
To investigate the fatty acid-based functional lipidomics
of patients on long-term home parenteral nutrition

July 7,2017 | Volume 23 | Issue 25 |



receiving different intravenous lipid emulsions.

METHODS

A cross-sectional comparative study was carried out on
3 groups of adults on home parenteral nutrition (HPN),
receiving an HPN admixture containing an olive-soybean
oil-based intravenous lipid emulsion (IVLE) (OO-IVLE;
n = 15), a soybean- medium-chain triacylglycerol-olive-
fish oil-based IVLE (SMOF-IVLE; n = 8) or HPN without
IVLE (No-IVLE; n = 8) and 42 healthy controls (HCs).
The inclusion criteria were: duration of HPN = 3 mo,
current HPN admixtures = 2 mo and HPN infusions
= 2/wk. Blood samples were drawn 4-6 h after the
discontinuation of the overnight HPN infusion. The
functional lipidomics panel included: the red blood cell
(RBC) fatty acid (FA) profile, molecular biomarkers
[membrane fluidity: saturated/monounsaturated FA
ratio = saturated fatty acid (SFA)/monounsaturated
fatty acid (MUFA) index; inflammatory risk: n-6/n-3
polyunsaturated fatty acid (PUFA) ratio = n-6/n-3
index; cardiovascular risk: sum of n-3 eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) = n-3
index; free radical stress: sum of FA trans isomers =
%trans index] and FA pathway enzyme activity estimate
(delta-9-desaturase = D9ID; delta-6-desaturase = D6D;
delta-5-desaturase = D5D; elongase = ELO). Statistics
were carried out using nonparametric tests. The amount
of each FA was calculated as a percentage of the total
FA content (relative%).

RESULTS

In the OO-IVLE group, the percentage of oleic acid
in the RBCs was positively correlated with the weekly
load of OO-IVLE (r = 0.540, P = 0.043). In the SMOF-
IVLE cohort, the RBC membrane EPA and DHA were
positively correlated with the daily amount of SMOF-
IVLE (» = 0.751, P = 0.044) and the number of HPN
infusions per week (» = 0.753; P = 0.046), respectively.
The SMOF-IVLE group showed the highest EPA and
DHA and the lowest arachidonic acid percentages (P <
0.001). The RBC membrane linoleic acid content was
lower, and oleic and vaccenic acids were higher in all
the HPN groups in comparison to the HCs. Vaccenic
acid was positively correlated with the weekly HPN load
of glucose in both the OO-IVLE (r = 0.716; P = 0.007)
and the SMOF-IVLE (r = 0.732; P = 0.053) groups.
The estimated activity of D9D was higher in all the HPN
groups than in the HCs (P < 0.001). The estimated
activity of D5D was lower in the SMOF-IVLE group than
in the HCs (P = 0.013). The SFA/MUFA ratio was lower
in all the HPN groups than in the HCs (P < 0.001). The
n-6/n-3 index was lower and the n-3 index was higher
in the SMOF-IVLE group in comparison to the HCs
and to the other HPN groups (P < 0.001). The %trans
index did not differ among the four groups.

CONCLUSION

The FA profile of IVLEs significantly influenced the cell
membrane functional lipidomics. The amount of glucose
in the HPN may play a relevant role, mediated by the

Baishidenge ~ WJG | www.wjgnet.com

Pironi L et a/. Lipidomics in home parenteral nutrition

insulin regulation of the FA pathway enzyme activities.

Key words: Chronic intestinal failure; Home parenteral
nutrition; Intravenous lipid emulsion; Cell membrane
fatty acid profile; Cell membrane lipidome; Functional
lipidomics

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Fatty acid-based “functional lipidomics”
investigates the structural and functional roles played
by lipids and their /n vivo changes, and provides the
rationalisation of these changes in connection with
their biological significance. In this study, the effects
of two intravenous lipid emulsions with different fatty
acids profiles on the red blood cell membrane lipidome
in patients on long-term home parenteral nutrition for
chronic intestinal failure were investigated. The results
were analysed in terms of functional lipidomics. The
membrane lipidome was significantly modified by the
fatty acid profile of the intravenous lipid emulsions.
Functional lipidomics indicated that both the lipid
emulsion fatty acid profile and the glucose amount
of the parenteral nutrition admixture play a role in
regulating the activity of the enzymes of the fatty acid
metabolism pathways.

Pironi L, Guidetti M, Verrastro O, Iacona C, Agostini F, Pazzeschi
C, Sasdelli AS, Melchiorre M, Ferreri C. Functional lipidomics in
patients on home parenteral nutrition: Effect of lipid emulsions.
World J Gastroenterol 2017; 23(25): 4604-4614 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i25/4604.htm
DOIL: http://dx.doi.org/10.3748/wjg.v23.125.4604

INTRODUCTION

Chronic intestinal failure (CIF) is the persistent “reduction
of gut function below the minimum necessary for
the absorption of macronutrients and/or water and
electrolytes, such that intravenous supplementation
is required to maintain health and/or growth”™!,
Intravenous supplementation is required for a long
period or for the rest of the patient’s life. These patients
are metabolically stable, and they and/or their relatives
are trained to become independent in managing
intravenous (IV) feeding at home (home parenteral
nutrition, HPN)!*. In HPN programs, intravenous
supplementation consists of parenteral nutrition (PN)-
admixtures containing water, macronutrients (amino
acids, glucose, lipids), electrolytes, vitamins and trace
elements™.

Intravenous lipid emulsions (IVLES) are oil-in-water
emulsions consisting of one or more triacylglycerol-
containing oils, a phospholipid emulsifier and glycerol.
In PN-admixtures, IVLEs are primarily used as a
source of non-glucose energy and of essential fatty
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acids (EFAs). For clinical purposes, the fatty acid (FA)
profile is the most relevant characteristic of the IVLE.
The first IVLE developed was a soybean oil-based IVLE
with a high content of n-6 polyunsaturated fatty acid
(PUFA) and linoleic acid (18:2; n-6) which may result
in a pro-inflammatory response. In order to decrease
the n-6 PUFA content, the second generation of IVLEs
consisted of a 50:50 (by weight) physical mixture of
soybean oil and medium-chain triacylglycerols (MCTs).
The third-generation of IVLE consisted of 80% olive
oil and 20% soybean oil by weight, and the fourth
included fish oil, either in combination with one or
more of the oils used in previous IVLEs, or alone. Fish oil
is rich in n-3 PUFAs, which may exert anti-inflammatory
propertiest®”.,

The cell membrane FA profile (membrane lipidome)
depends on the interaction among genetic, metabolic
and nutritional factors, and represents a comprehensive
biomarker of the homeostatic (or allostatic) condition of
the subject[s]. Fatty acid-based “functional lipidomics”
investigates the structural and functional roles played
by lipids and their in vivo changes due to metabolic or
degradation pathways, and provides the rationalisation
of these changes in connection with their biological
significance. Membrane lipidomics of red blood cells
(RBCs) is considered a snapshot of the individual
situation due to the close relationship between the
structure and the function of the RBC membrane and to
the RBC distribution in all body districts"" .

The aim of this study was to investigate the effects
of two IVLEs with different FA profiles on the RBC
membrane lipidome in patients on HPN for CIF and to
analyse the results in terms of functional lipidomics.

MATERIALS AND METHODS

Study design and patient population

This was a cross-sectional study carried out on a
cohort of adult patients on HPN for benign CIF at
the Chronic Intestinal Failure Centre of S. Orsola-
Malpighi University Hospital of Bologna, Italy. The
study was approved by the Local Ethics Committee (n
1468/2015). Voluntary informed written consent was
obtained from all patients.

The patient inclusion criteria were: age = 18 years;
duration of HPN for = 3 mo; days of HPN infusion
= 2 per week; HPN schedule, oral feeding and drug
therapy unchanged during the 2 mo before inclusion
in the study; PN-admixture containing Clinoleic 20%®
(Baxter SAS, Maurepas-Cedex 78311, France), an
olive-soybean oil-based IVLE (20% soybean oil, 80%
olive oil; OO-IVLE) or Smoflipid® 20% (Fresenius Kabi,
Bad Homburg, Germany), a soybean-MCT-olive-fish
oil-based IVLE (30% soybean oil, 30% MCT, 25% olive
oil, 15% fish oil; SMOF-IVLE) or PN without IVLE (No-
IVLE).

The patient exclusion criteria were: the current use
of experimental drugs, pregnancy or the presence of
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malignant disease.

The healthy control (HC) group consisted of healthy
subjects from the Lipinutragen s.r.l. (Bologna, Italy)
database, having age, gender and body mass index
(BMI) matched with the HPN patients.

Parameters recorded at the time of inclusion in the
study

Demographic, anthropometric and CIF charac-
teristics: The parameters recorded were: patient
age, gender, BMI (kg/m?), primary disease and the
pathophysiological mechanism of CIF.

HPN schedule: The duration of HPN, the duration of
the current PN-admixture, the weekly frequency of
PN infusion and the composition of the PN-admixture
were recorded. The amount of lipids and glucose
infused was calculated as the amount per day of
infusion, amount per patient body weight per day of
infusion and total amount per week. Energy (kcal) was
calculated as the amount per day of infusion and as
the percentage of basal energy expenditure (BEE) on a
weekly basis [(kcal/infusion x number of infusions per
week/7/BEE) x 100]. The patient BEE was calculated

using the Harris-Benedict equation..

Oral food intake and intestinal fat absorption:
Oral food intake was evaluated using a 5-d self-
reported weighed food intake record during which
patients were invited to maintain their usual diet. All
food records were reviewed by a dietitian. Energy
intake was calculated using a food database and
expressed in kcal/day. The assessment of the intestinal
fat absorption was carried out over a 3-d period.
The coefficient of the net digestive absorption was
expressed as the percentage of fat representing the
proportion of oral food not recovered in fecal output (%
fat absorption). Fecal lipid output was measured on
homogenized aliquots of 3-d pooled samples using the
Van de Kamer method"?.

The food intake evaluation was computed £ 7 d
from the blood sampling for RBC lipidome analysis and
the assessment of fat absorption £ 1 mo from blood
sampling.

Lipidomics analysis

The lipidomics analysis was carried out by Lipinutragen
s.r.l.,, a spin-off of the National Research Council
(Consiglio Nazionale delle Ricerche, CNR).

The venous blood samples were drawn in the
morning, in the fasting state, 4-6 h after discontinuation
of the overnight HPN infusion. Blood (approximately
2 mL) was collected in vacutainer tubes containing
ethylenediaminetetraacetic acid (EDTA). Samples were
stored at 4 “C until analysis which was carried out 10-15
d after collection.

Lipid extraction and lipid transesterification to fatty
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acid methyl esters (FAMEs) was performed using
an automated protocol which included a selection
of RBCs which had been aged for three monthst™".,
The erythrocytes were separated from the plasma
by centrifugation (4000 rpm for 5 min at 4 C), they
were then suspended in pure water, vortexed and
subsequently centrifuged (14000 x g for 15 min at
4 °C) to isolate the membrane pellets. Phospholipids,
extracted from pellets using the Bligh and Dyer
method™®, were transesterified to FAMEs by treatment
with a potassium hydroxide (KOH)/methyl alcohol
(MeOH) solution (0.5 mol/L) for 10 min at room
temperature and were subsequently extracted using
n-hexane (2 mL). The FAMEs were analysed using
capillary column gas chromatography (GC). The GC
analysis was run on the Agilent 6850 Network GC
System, equipped with a fused silica capillary column
Agilent DB23 (60 m x 0.25 mm x 0.25 um) having a
flame ionisation detector.

The GC analysis of the fatty acids released showed
the separation of all fatty acids and their isomers.
Identification was made by comparing them to
commercially available standards and to a library of
isomers trans monounsaturated fatty acids (MUFAs)
and polyunsaturated fatty acids (PUFAs) available
at Lipinutragen S.r.l."*. The amount of each FA was
calculated as a percentage of the total FA content
(relative%).

Lipidomics analysis parameters

Functional lipidomics is based on the analysis of the
RBC membrane FA profile. The panel of functional
lipidomics carried out by Lipinutragen s.r.l. included
some molecular biomarkers of the physical properties
of the membrane and of specific risks. Furthermore,
the activity of elongase and desaturase, the two
classes of enzymes of the MUFA and PUFA biosynthetic
pathways was estimated by calculating the precursor/
product ratio of the individual FAs.

Membrane FA profile (lipidome): The FA panel
included saturated fatty acids (SFAs: palmitic acid:
C16:0; stearic acid: C18:0); MUFAs (palmitoleic
acid: C16:1;11c; oleic acid: C18:1;9c; vaccenic acid:
C18:1;11c); n-6 PUFAs [linoleic acid: C18:2; dihomo-
y-linoleic acid (DGLA): 20:3; arachidonic acid (ARA):
C20:4] and n-3 PUFAs [eicosapentaenoic acid (EPA):
C20:5; Docosahexaenoic acid (DHA): C22:6] and the
trans isomers of oleic acid (trans-C18:1, 9c) and of
arachidonic acid (mono trans-C20:4; n-6).

Molecular biomarkers: The membrane fluidity
index (SFA/MUFA ratio): The ratio of saturated and
unsaturated fatty acids is one of the factors regulating
the fluidity of the cell membrane; the higher the value
of the SFA/MUFA ratio, the lower the fluidity of the

membrane (reference range 1.7-2.0)®.
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The inflammatory risk index (n-6/n-3 ratio): The
ratio of n6 and n3 PUFAs was involved in regulating the
inflammatory responses. An elevated value of the n-6/
n-3 ratio can drive the lipid metabolic pathways to the
production of pro-inflammatory mediators (reference
range 3.5-5.5)®,

The n-3 cardiovascular risk index (n-3 index): The
n-3 index is the sum of the relative percentage of two
prominent n-3 PUFAs in the RBC membrane: EPA and
DHA. The n-3 index risk is categorised as high (< 4%),
intermediate (4%-8%) and low ( > 8%)™,

The free radical stress index (%Transindex): This
index is the sum of the relative percentage of the trans
isomer of oleic acid and 5- and 8-monotrans isomers
of arachidonic acid (reference range 0%-0.4%). Trans
isomers of unsaturated FAs are present in industrially
produced and partially hydrogenated vegetable oils.
It has been demonstrated that they are also formed
in vivo by means of the double bond isomerisation
process, catalysed by radical species. The perturbation
produced by the unnatural trans geometry to mem-
brane properties negatively affects eukaryotic cell
survivalt**¢,

Enzyme activity estimate: The desaturase and
elongase activities were estimated by calculating
the precursor/product or product/precursor ratio of
individual FAs.

Metabolic pathway of SFAs and MUFAs: Delta-9-
desaturase (D9D) (Figure 1): This enzyme catalyses
the double bond formation in the biosynthetic
pathways of saturated and monounsaturated FAs. It
converts palmitic acid (C16:0) and stearic acid (C18:0)
into palmitoleic acid (C16:1; 9c) and oleic acid (18:1;
9c¢), respectively. Its activity was estimated using the
palmitic acid/palmitoleic acid ratio and by the stearic
acid/oleic acid ratio. The lower the ratio, the higher the
D9D activity.

Metabolic pathway of n-6 PUFAs: Delta-6-
desaturase + Elongase (D6D+ELQO) (Figure 2): Delta-
6-desaturase converts linoleic acid (C18:2; n-6) into
y-linoleic acid (GLA; C18:3; n-6); ELO then catalyses
the conversion of GLA into DGLA (C20:3; n-6). The
ratio between the relative percentages of linoleic acid
(1C8:2; n-6) and DGLA (C20:3; n-6) estimates the
activity of these two enzymes. The lower the ratio, the
higher the D6D and ELO activity.

Delta-5-desaturase (D5D) (Figure 2): This
enzyme catalyses the next step of the n-6 PUFA
metabolic pathway, converting DGLA (C20:3; n-6) into
arachidonic acid (20:4; n-6). Due to the higher relative
percentage of arachidonic acid, the estimated activity
of this enzyme was calculated as product/precursor
ratio (arachidonic acid/DGLA. The higher the ratio, the
lower the D5D activity.
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Figure 1 The main biosynthetic pathway of saturated (SFAs) and monounsaturated (MUFAs) fatty acids.
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Figure 2 The pathways of omega-6 and omega-3 fatty acids.

Analysis of the FA profile of the IVLEs

The FA profiles of OO-IVLE and SMOF-IVLE were also
analysed by testing three different batches of each
IVLE.

Statistical analysis

Variables are reported as medians (ranges) and
percentages. The Mann-Whitney U-test and the
Kruskall-Wallis test were used for group comparison,
and the Spearman’s rank correlation was used to
investigate the correlations between the continuous
variables. Frequencies were compared using the 5 test.
The statistical analysis was carried out by running the
Statgraphics Centurion Professional statistical package
(Version XVI, Statpoint Technologies.inc, Warrenton,
VA, United States) on a personal computer. P values

JBaishideng® W]G I WWW.ngnet.COm

Docosapentaenoic acid
C22; 5n:3

Docosahexaenoic acid
C22; 6n:3

less than 0.05 were considered to be significant.

RESULTS

Study cohorts

Thirty-one patients were included in the study: 15 in
the OO-IVLE group, 8 in the SMOF-IVLE group and 8
in the No-IVLE group. The HC group consisted of 42
healthy subjects, age, gender and BMI matched with
the patients. Table 1 shows the characteristics of the
four groups of subjects. The groups were similar with
respect to gender, age and BMI. The duration of the
HPN and the weekly frequency of PN infusions did not
differ among the HPN groups. The amount of IVLE
infused was similar between the OO-IVLE and SMOF-
IVLE groups.
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OO-IVLE SMOF-IVLE No-IVLE HC P value P value
(4 groups) (OO0 vs SMOF)
Demographic, anthropometric and disease characteristics
N of subjects (M/F) 15 (8/7) 8 (3/5) 8(2/6) 42 (19/23) 0.4051
Age (yr) median (range) 56 (19-78) 44 (19-73) 56 (29-64) 46 (16-78) 0.4051
BMI (kg/m’) median (range) 22 (12-25) 20 (17-23) 21 (16-29) 22 (17-26) 0.1407
Cause of CIF n (%) 0.0791
SBS 9 (60) 5 (62) 8 (100)
Fistulas - 2(25) -
Dysmotility 5(33) 1(12) -
Mucosal disease 1) - -
Primary disease n (%) 0.0037
Mesenteric ischemia 6 (40) 1(12) 1(12) 0.0627
CIPO 5(32) 1(12) 4 (50)
Crohn'’s disease 1(7) 3 (36) 3(38)
Others 3 (21) 3 (36)
Home parenteral nutrition schedule and oral feeding characteristics
HPN schedule: median (range)
Duration (mo) 65 (2-261) 29 (5-53) 17 (6-278) 0.2765 -
Current duration (mo) 26 (2-96) 7 (5-14) 7 (2-19) 0.0620 0.5682
Infusions (n/wk) 7 (3.5-7) 7 (2-7) 7 (2-7) 0.8028
Lipids (n inf/wk) 7 (3.5-7) 7 (2-7) - - 0.6946
(g/inf) 48 (26-60) 45 (28-56) - - 0.8601
(g/kg of BW/inf) 0.79 (0.38-1.10) 0.86 (0.43-1.20) - - 0.6260
(g/wk) 210 (100-406) 203 (180-350) - - 0.8210
Glucose (g/inf) 169 (84-350) 198 (115-375) 150 (36-265) 0.3370 -
(g/kg of BW/inf) 3.3 (1.4-5.5) 3.8 (2.4-5.8) 2.3 (0.9-5.0) 0.5959 -
(g/wk) 1014 (300-2450) 1382 (473-2625) 1050 (300-1855) 0.4265 -
Amino acids (g/inf) 50 (24-106) 61 (50-100) 29 (0-72) 0.0553 0.2070
Energy (Kcal/inf) 1400 (739-2104) 1544 (837-2180) 700 (144-1345) 0.0117 0.4578
(Kcal/BEE x 100)" 99% (26%-149%) 122% (59%-147%) 54% (7%-116%) 0.0568 04114
Oral feeding: median (range)
Intake (Kcal/d) 1510 (0-2657) 1071 (0-2827) 1834 (930-2965) 0.1114 -
Fat Absorption (% ingested) 38 (0-88) 27 (0-68) 71 (21-95) 0.1816 -

!Calculated by: [(Kcal/infusion x weekly frequency of infusions/7)/basal energy expenditure (BEE)] x 100. IVLE: Intravenous lipid emulsion; OO-IVLE
group: Patients receiving a PN admixture containing Clinoleic 20%; SMOF-IVLE group: Patients receiving a PN admixture containing SMOF lipid ®20%;
No-IVLE group: Patients receiving PN without IVLE; HC: Healthy controls; BMI: Body mass index; CIF: Chronic intestinal failure; BW: Body weight; SBS:
Short bowel syndrome; CIPO: Chronic Intestinal Pseudo-obstruction; HPN: Home Parenteral Nutrition; Current duration: Duration of current parenteral

nutrition admixture prescription.

FA profile of the IVLEs

The FA profile of the IVLEs was in agreement with
that stated by the manufacturers. The OO-IVLE had
a higher percentage of MUFAs and an n-6/n-3 ratio
of 10:1. The SMOF-IVLE showed higher linoleic and
alpha-linolenic acid percentages, approximately 3% of
EPA (20:5; n 3) and DHA (22:6; n 3), and an n-6/n-3
ratio of 3:1. In both IVLEs, neither the trans isomer
of oleic acid nor the 5-and 8-monotrans isomers of
arachidonic acid were detected (Table 2).

Fatty acid pattern of the RBC membrane

Total SFAs did not differ among the groups. In
comparison with the HCs, the palmitic acid (16:0)
concentration was significantly higher in the SMOF and
No-IVLE groups whereas stearic acid (18:0) was lower
in all the HPN groups (Table 2 and Figure 3).

Total MUFAs, as well as oleic acid (18:1, 9C) and
vaccenic acid (18:1, 11C), were higher in the HPN
groups than in the HCs. Among the HPN groups, total
MUFAs showed higher values in the OO-IVLE and No-
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IVLE groups than in the SMOF-IVLE group. Palmitoleic
acid (16:1) was higher in the OO-IVLE and No-IVLE
groups than in the HCs.

Total PUFA content did not differ among the groups.
The amount of linoleic acid (18:2, n-6) was lower in
the HPN groups than in the HCs. The DGLA (20:3, n-6)
was higher in the OO-IVLE group than in the SMOF-
IVLE group and in the HCs. Arachidonic acid (20:4, n-6)
was lower, and EPA (20:5, n-3) and DHA (22-6, n-3)
were higher in the SMOF-IVLE group than in the other
study groups. The highest value of arachidonic acid,
and the lowest value of both EPA and DHA, were found
in the No-IVLE group .

The percentages of trans-oleic acid (C18:1, 9C)
and 5-8 mono-trans-arachidonic acid (C20:4) did not
differ among the groups.

Molecular biomarkers

Membrane fluidity index: The SFA/MUFA ratio was
lower in the HPN groups than in the HCs. The OO-
IVLE group showed the lowest value (1.99; range:
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Figure 3 Fatty acid pattern of the red blood cell membrane. A: Saturated fatty acids (SFAs) and monounsaturated fatty acids (MUFAs); B: Polyunsaturated fatty
acids (PUFAs). The amount of each fatty acid was calculated as a percentage of the total fatty acid content (relative%). Data are expressed as medians. RBCs: Red
blood cells; IVLE: Intravenous lipid emulsion; OO-IVLE group: Patients receiving a PN admixture containing Clinoleic 20%; SMOF-IVLE group: Patients receiving
PN admixture containing SMOF-lipid ®20%; No-IVLE group: Patients receiving PN without IVLE; HC group: Healthy controls; DGLA: Dihomo-y-linoleic acid; EPA:

Eicosapentaenoic acid; DHA: Docosahexaenoic acid.

Table 2 Fatty acid profile of the intravenous lipid emulsions and of the red blood cell membrane in the study groups

Fatty acids, % total FAs OO-IVLE SMOF-IVLE = OO-IVLE group SMOF-IVLE group No-IVLE group HC group P value
Palmitic (16:0) 12.8 14.1 26.2 (23.1-30.6) 28.1 (24.8-30.6) 28.1 (26.1-29.4) 26.6 (20.3-29.6) 0.040
Stearic (18:0) 37 44 16.7 (14.3-18.3) 16.8 (15.9-18.3) 16.1 (14.2-16.7) 18.1 (13.4-20.7) <0.001
Palmitoleic (16:1) 0 0 0.5 (0.4-0.9) 0.5 (0.2-0.8) 1.0 (0.3-1.8) 0.4 (0.2-0.7) <0.001
Oleic (18:1; 9c) 61.8 433 18.9 (17.8-23.5) 18.6 (17.3-19.9) 189 (16.6-22.5) 17.1 (14.2-22.2) <0.001
Vaccenic (18:1; 11c) 23 25 1.9 (1.6-2.7) 1.7 (1.5-2.3) 22 (1.7-3.3) 1.4 (0.9-2.6) <0.001
Linoleic (18:2; n-6) 17.7 26.9 8.7 (5.5-10.4) 9.2 (7.2-10.9) 7.7 (3.9-9.6) 11.6 (8.8-14.4) <0.001
DGLA (20:3; n-6) 0 0 22 (1.5-3.9) 1.9 (1.1-2.1) 22 (1.5-2.9) 2.0 (15-2.8) 0.049
Arachidonic (20:4; n-6) 0 0 18.3 (10.0-21.1) 12.2 (10.7-14.4) 19.2 (18.4-20.3) 16.8 (13.1-21.4) <0.001
Alfa-linoleic (18:3; n-3) 1.7 24 <0.01 <0.01 <0.01 <0.01

EPA (20:5; n-3) 0 34 0.6 (0.4-4.5) 32 (21-5.0) 0.5 (0.4-1.0) 0.7 (0.2-6.0) <0.001
DHA (22:6; n-3) 0 3 48 (3.4-8.4) 7.6 (6.2-10.4) 3.9 (3.0-4.7) 52 (2.3-8.4) <0.001
trans-Oleic 0 0 0.1 (0.1-0.2) 0.1 (0.0-0.2) 0.2 (0.0-0.2) 0.1 (0.0-0.2) 0.275
5-8-trans-Arachidonic 0 0 0.1 (0.1-0.2) 0.1 (0.0-0.2) 0.2 (0.0-0.1) 0.1 (0.0-0.3) 0.109
Total SFAs 16.5 18.5 43.5 (41.1-46.4) 44.9 (40.7-47 4) 44.0 (40.8-45.6) 44.3 (37.7-50.1) 0.786
Total MUFAs 65.1 45.8 21.5 (20.7-25.6) 20.9 (19.7-21.9) 21.9 (20.7-27.1) 19.5 (15.8-24.8) 0.001
Total PUFAs 194 35.7 34.4 (30.6-37.1) 33.7 (31.0-39.2) 33.8 (28.9-35.7) 35.7 (24.4-39.2) 0.937

The amount of each fatty acid was calculated as a percentage of the total fatty acid content (relative%). Data are expressed as medians (ranges); IVLE:
Intravenous lipid emulsion; RBCs: Red blood cells; OO-IVLE: Clinoleic 20%; SMOF-IVLE: SMOF lipid ®20%; DGLA: Dihomo-y-linoleic acid; EPA:
Eicosapentaenoic acid; DHA: Docosahexaenoic acid; FAs: Fatty acids; SFAs: Saturated fatty acids; MUFAs: Monounsaturated fatty acids; PUFAs:
Polyunsaturated fatty acids; n6-PUFAs: Omega 6-PUFAs; n3-PUFAs: Omega 3-PUFAs; OO-IVLE group: Patients receiving a PN admixture containing
Clinoleic 20%; SMOF-IVLE group: Patients receiving a PN admixture containing SMOF lipid ®20%; No-IVLE group: Patients receiving PN without IVLE;
HC group: Healthy controls.

1.66-2.12) (Figure 4).
Inflammatory risk index: The lowest n-6/n-3

n-3 cardiovascular risk index: The n-3 index value
ranged from 4 to 8% (intermediate risk) in the OO-

ratio was found in the SMOF-IVLE group (2.05, range
1.56-3.01) and the highest in the No-IVLE group
(6.5, range 4.78-9.17). No statistical difference was
present between the OO-IVLE group and the HCs [5.65
(2.44-12.8) and 4.90 (1.57-7.05), respectively].
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IVLE and No-IVLE groups, and the HCs [5.5 (3.8-12.9),
4,7 (3.4-5.3), 6.1 (2.6-10.6), respectively] whereas it
was > 8% (low risk) in the SMOF-IVLE group [(10.8
(8.3-14.0)].

Free radical stress index: The median value of
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Figure 4 Molecular biomarkers. Data are expressed as medians; IVLE: Intravenous lipid emulsion; OO-IVLE group: Patients receiving a PN admixture containing
Clinoleic 20%; SMOF-IVLE group: Patients receiving aPN admixture containing SMOF lipid ®20%; No-IVLE group: Patients receiving PN without IVLE; HC group:
Healthy controls; SFAs: Saturated fatty acids; MUFAs: Monounsaturated fatty acids; n-3 Index: Sum of the percentages of EPA and DHA; %TRANS index: Sum of the

percentages of trans isomers of oleic acid and arachidonic acid.

the %Trans index was within the reference ranges
(0%-0.4%) in all the groups (range 0.2%-0.3% in
OO-IVLE and No-IVLE, 0.1%-0.2% in SMOF-IVLE and
0.2%-0.2% in HCs).

Enzyme activity estimate

Metabolic pathway of the SFAs (D9D): The pal-
mitic/palmitoleic acid ratio was lower in the OO-IVLE
and the No-IVLE groups than in the HCs, suggesting
increased D9D activity in converting palmitic acid
(16:0) into palmitoleic acid (16:1) in both groups. No
significant difference was found between the SMOF-
IVLE group and the HCs (Figure 5).

Metabolic pathway of the MUFAs (D9D): The
stearic/oleic acid ratio was lower in all the HPN groups
than in the HCs, suggesting increased activity of D9D
in converting stearic (18:0) into oleic acid (18:1; 9C)
in patients on HPN (Figure 5).

Metabolic pathway of the n-6 PUFAs: The linoleic/
DGLA ratio was lower in the OO-IVLE and No-IVLE
groups than in both the SMOF-IVLE group and the
HCs, suggesting higher activity of D6D and ELO in
converting linoleic acid (18:2; n6) into DGLA (20:3;
n6) in both the OO-IVLE and No-IVLE groups. No
difference was found between the SMOF-IVLE group
and the HCs.

The ARA/GLA ratio did not statistically differ among
the HPN groups, suggesting similar D5D activity in
converting DGLA (20:3; n6) into ARA (20:4; n6). The
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ARA/GLA ratio was lower in the SMOF-IVLE group than
in the HCs, suggesting decreased D5D activity in the
SMOF-IVLE group.

Spearman rank correlations between the PN infusion
and the RBC membrane lipidome

In the OO-IVLE group, a positive significant correlation
was found between the weekly amount of lipid infused
with PN (g/W) and the RBC oleic acid (18:1:9¢) (n =
15; r = 0.540, P = 0.043).

In the SMOF-IVLE group, the RBC EPA (20:5, n = 3)
was positively associated with the weekly amount of
lipid infused (g/inf) (n = 8; r = 0.751, P = 0.044).

Red blood cell vaccenic acid (18:1; 11c) was posi-
tively correlated with the weekly amount of glucose
infused with PN (g/W) in both the OO-IVLE (n = 15; r
= 0.716; P = 0.007) and SMOF-IVLE (n = 8; r = 0.732;
P = 0.053) groups.

DISCUSSION

In this study, the functional lipidomics analysis was
used to interpret the effects of two IVLEs on the RBC
membrane FA profile (membrane lipidome) of patients
on HPN for CIF. The results of the membrane lipidome
analysis are in agreement with previous findings'”.
The functional lipidomics analysis allowed these
findings to be translated into their potential biological
effects, previously unreported data. The limitations of
the present study were similar to those of the previous
studies’”’. They were mainly represented by the small
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PN. The group receiving the SMOF-IVLE showed the
statistically significant highest percentage of EPA
and DHA in the membrane lipidome. The former was
positively correlated with the weekly amount of infused
SMOF-IVLE.

In comparison with the HCs, the total MUFA
percentage, as well as the oleic acid and vaccenic acid
percentages in the RBC membrane, were increased in
all the HPN groups. The functional lipidomics indicated
that the activity of the D9D, which converts palmitic
acid into palmitoleic acid and stearic acid into oleic
acid was increased in all the HPN cohorts. A positive
correlation was found between the weekly load of
glucose infused with PN and the percentage of vaccenic
acid in the RBC membrane. As it is known that insulin
activates all the enzymes of the PUFA pathways™®'"*®,
it could be suggested that the increase in MUFAs in the
RBC membrane may be due to the insulin stimulation
of D9D by the iv glucose load with HPN.

The RBC membrane linoleic acid percentage was
lower in all the HPN groups than in the HCs, although
it was the second most abundant FA in the IVLEs.
These data have also been described in previous
studies investigating patients receiving a soybean-
based IVLE, the IVLE with the highest linoleic acid
content””**??, The low linoleic acid percentage in the
RBC membrane did not seem to be justified by an
inadequate supply with PN as both the OO-IVLE and
SMOF-IVLE groups received an amount of linoleic acid
(8% and 6% of total PN calories, respectively) greater
that the 1%-4% needed to prevent EFA deficiency'.
In both the OO-IVLE and the No-IVLE groups, the
low linoleic acid percentages were associated with
increased arachidonic acid percentages. Also in this
case, the functional lipidomics analysis suggested that
the low linoleic acid percentages could have been due
to the insulin stimulation of the activity of enzymes of
the n-6 pathway, that catalysed the desaturation and
elongation of Linoleic acid to DGLA (D6D and ELO) and
the desaturation of DGLA to Arachidonic acid (D5D). In
the SMOF-IVLE group, the low linoleic acid percentage
was associated with an arachidonic acid percentage
significantly lower than in the OO-IVLE and No-IVLE
groups, suggesting a decrease in D5D. This could
also have been due to the higher n-3 PUFA content of
SMOF-IVLE because the affinity of both D6D and D5D
for the n-3 PUFA is higher than that for the n-6 PUFAs,
provided that the dietary n-3 to n-6 PUFA ratio is in the
range of 1:1 to 4:1P%,

The molecular biomarkers of FA-related functions
indicated some differences among the HPN groups.
The membrane fluidity index, represented by the
SFA/MUFA ratio, was normal in all the HPN groups,
with the OO-IVLE group showing the greatest mem-
brane fluidity. The maintenance of physiological
cell membrane fluidity is a prerequisite for proper
membrane function because it has a pivotal role in
modulating the activity of the membrane enzymes,
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receptors, channels and transporters®, The in-
flammatory index, (expressed by the n-6/n-3 PUFA
ratio), and the cardiovascular index (represented by
the sum of the n-3 PUFAs) showed better values in
the SMOF-IVLE group, reflecting the replacement of
n-6 PUFAs with n-3 PUFAs in the RBC membrane,
in agreement with the higher n-3 and the lower
n-6 contents of the SMOF-IVLE. A decrease in cell
membrane n-6-PUFA content, mainly arachidonic acid,
associated with an increase in n-3 PUFAs, EPA and
DHA, modified the balance of eicosanoid and cytokine
production from a generally pro-inflammatory profile to
a less inflammatory and even inflammation-resolving
profile®*”), The n-6/n-3 ratio of patients receiving the
OO-IVLE was similar to that of the HCs. In the No-
IVLE patients, the n-6/n-3 index showed an increased
inflammatory index. This could have been due to the
lack of PN supply of FAs, and/or to insufficient oral
intake and/or absorption of n-3 PUFAs associated with
the above-mentioned insulin secretion due to the long-
term PN infusion of glucose'”'®. Finally, in all the PN-
groups, the %trans index was within the normal range.
This would indicate that, in our patients, there was no
increased radical stress. Furthermore, trans isomers of
oleic and arachidonic acids were not found in either of
the IVLEs tested, indicating that the oil refining process
utilised for their production appeared to be safe and
free from trans isomer formation.

In conclusion, this study confirmed that the FA
profile of IVLEs significantly influenced the cell mem-
brane lipidome, indicated its functional relevance and
suggested that other factors of the PN-admixture, such
as the glucose content, may play a relevant role.

COMMENTS

Background

Fatty acid-based “functional lipidomics” investigates the structural and
functional roles played by cell membrane lipids and their in vivo changes, and
provides the rationalisation of these changes in connection with their biological
significance.

Research frontiers

The data of this study indicated that the fatty acid profile of intravenous lipid
emulsions significantly influenced the cell membrane lipidome and highlighted
its functional relevance. New studies should be carried out with the aim of
detecting the optimal fatty acid composition of intravenous lipid emulsions in
order to achieve the best functional asset of cell membrane.

Innovations and breakthroughs
The functional lipidomics analysis was used for the first time to interpret the
effects of two intravenous lipid emulsions.

Applications
The fatty acid profiles of lipid emulsions can be a criterion for modifying the
membrane lipidome of patients on home parenteral nutrition.

Terminology
Functional lipidomics, based on the analysis of the red blood cell membrane
fatty acid profile, investigates the structural and functional roles played by
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lipids and provides the rationalisation of these changes in connection with their
biological significance.
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