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Systemic inflammation describes certain metabolic alterations which are mediated by
inflammatory cytokines. These occur essentially as a defensive body response towards offending
agents such as surplus nutrient staffs. Our aim is to find out the role of inulin as a protective
agent against metabolic inflammation. Twenty eight type 2 diabetic females were subjected to
the estimation of their serum high sensitivity C-reactive protein, lipopolysaccharides, tumor
necrosis factor alpha, adiponectin and HOMA-IR test before and after three weeks of inulin
ingestion. There was a significant drop in the level of serum high sensitivity C-reactive protein,
lipopolysaccharides, tumor necrosis factor alpha, HOMA-IR and a non-significant rise in serum
adiponectin after inulin ingestion. In summary inulin can act as a useful protective agent in

systemic inflammation.

Keywords: Inulin, Metabolic inflammation, Lipopolysaccharides, Tumor necrosis factor
alpha, High sensitivity C-reactive protein, Adiponectin, HOMA-IR.

Systemic inflammation primarily
describes certain metabolic alterations which occur
essentially in obesity, type 2 diabetes mellitus,
the metabolic syndrome and their complications'.
However, systemic inflammation underlies
other serious diseases including atherosclerosis?.
steatohepatitis, airway diseases, dementia, cancer?,

and intestinal inflammatory diseases namely
crohn's disease and ulcerative colitis®.

To approach the issue of systemic
inflammation, it is preferable to recall some crucial
facts. First: the tight functional integration between
the neuroendocrine axis and the immune system
which is mandatory for the wellbeing and survival
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of mankind; this triad is the main regulator of the
body metabolism. This same triad is involved in
the initiation and propagation of the inflammatory
pathways®. Second: inflammation is essentially
a defensive body reaction towards an offending
agent. This reaction can be a local one (the classic
type of inflammation) or might be an extensive
reaction involving several tissues in the body (the
systemic or metabolic inflammation)®.

Literally, the term inflammation denotes
the natural defensive reaction undertaken by
the body in response to an attacking noxious or
injurious agent. The invoking agent might be any
of the following: biological (virus or bacteria),
mechanical (friction or rubbing), thermal (heat)
or chemical (acid, alkali or any caustic material).
This type of inflammation is usually of short
duration and limited extent (usually local); it
shows itself in four cardinal features: hotness,
swelling, redness and pain (color, tumor, rubor
and dolor). The inflammatory response and its
features are provoked by certain mediators secreted
by particular cells, mostly in the vicinity of the
inflammation®.

In systemic inflammation on the other
hand, it is interesting and amazing to know that,
the human body perceives excess nutrients as
noxious foreign invaders and reacts towards these
accordingly®. The defensive inflammatory reaction
here, starts more or less like the classic one but
differs in: it lacks the cardinal features, the intensity
is less acute, the duration is more prolonged and
the sequels are harmful. Besides the extent is wider
and involves several tissues and organs, hence the
name systemic inflammation?*.

The mouth is not the only inlet to admit
the invaders inside the body. The colon is also an
important route for the access of special invaders
(lipopolysaccharides) inside the body. These are
integral components of the cell membrane of
gram negative bacteria which inhabit the large
intestine. Also, lipopolysaccharides are important
components of the endotoxins produced by
these bacteria’. High dietary fat consumption
increases serum lipopolysaccharides level. This
does not necessarily imply the increase in gram
negative bacteria in the large gut®. The rise in
serum lipopolsacchrides level occurs as a result
of increased lipopolysaccharides absorption,
decreased degradation or increased gut mucous
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membrane permeability to them®!'. Rise of
serum lipopolysaccharides level increases serum
proinflammatory cytokines'>'.

Obesity is a third and constant supplier
of excess nutrients. Lipopolysaccharides are
highly expressed in adipose tissue of obese and
diabetic subjects'. Besides, the different adipose
tissue compartments of the body especially the
more active central one (omental fat), are under
a state of continuous turnover. The products of
their lipolysis reach the liver and the general
circulation hence to all tissue cells of the different
organs'®. These cells become stuffed with
fatty acids, triglycerides and their metabolites
(diacylglycerol and ceramide) producing what is
called lipotoxicity'™ . Lipotoxicity is deleterious
to the cardiovascular system and to most organs of
the body'®". Beside the ample supply of invaders
from the adipose tissue, adiposity is associated
with increased inflammatory cytokine production®
and reduced production of the protective adipokine
(adiponectin)?'.

Inulin, a naturally occurring
oligosaccharide of plant origin is known to
stimulate certain strains of the colonic microbiome,
namely the bifidobacteria. These latter can
predominate over the gram negative strains of
bacteria and suppress their action***.

The aim of the study is to find out how
inulin type-prebiotic can fair in the issue of
metabolic inflammation in human beings. This
entails the estimation of serum high sensitivity
C-reactive protein as a monitor of systemic
inflammation. Also to determine serum level of
lipopolysaccharides and tumour necrosis factor
alpha (TNF-o) as proinflammatory compounds,
together with serum adiponectin level as protective
adipokine.

MATERIALS AND METHODS

Subjects

28 type 2 diabetic female patients were
selected from the governmental hospitals of Cairo-
Egypt.

Inclusion criteria: obese (body mass index
> 30), type 2 diabetic females, middle aged or
above (40-65 years), hypertensives or not.
Exclusion criteria
. Endocrine or metabolic disorders,
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hormonal treatment or contraceptive pills.

B Organ failure (liver, kidney, heart or lung)
or malignancy.
. Local or systemic infection.

Ethical Committee approval

The study was approved by the ethical
committee of the National Research Centre (NRC),
Cairo, Egypt. Certificate number 15011.

Consent

All patients gave their signed consent for
participation.
Methods

Inulin fructans type-prebiotic was given
to the patients as an add on therapy to their
conventional antidiabetic treatment. Four grams of
inulin were given with milk to each patient daily; 2
grams in the morning and 2 grams in the evening
for twenty one consecutive days. This dose was
chosen empirically taking in consideration that a
small dose of inulin can exert a bifidogenic effect®.

Inulin specifications: Inulin A.R (CH, O,)
N ALPHA-CHEMIKA Mumbai. 400002 (INDIA)
An ISO: 9001: 2000 Certified company.

All patients were subjected to the
following before and after the period of inulin
ingestion.

A- Full history B- Thorough clinical
examination C- Laboratory investigations:
Determination of fasting serum high sensitivity
C- Reactive Protein (hs-CRP)

This was done quantitatively by
immunoenzymometric chemiluminescence assay
after Yudkin JS®. Kit used “Acculite — CLIA
Microwells.” hs-CRP Test System. Product Code:
3175-300. Monobind Inc. Lake Foreset, CA 92630,
USA.

Fasting serum lipopolysaccharides
determination

This was determined by ELISA
technique after Ruiz et al*®. Kit used: Human
Lpopolysaccharides (LPS) ELISA Kit from
WKEA MED SUPPLIES CORP 206 Building 6,
Chenguang Garden, Qianjin Street. Changchun
130012 China.

Fasting serum tumour necrosis factor alpha
(TNFa) determination

TNF-o was determined using the ELISA
technique after Taylor PC%. Kit used: Human
TNF-o. ELISA kit from ASSAYPRO LLC 3400
Harry S Truman Blvd St. Charles, MO 63301.
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Fasting serum adiponectin determination

Adiponectin was determined using ELISA
technique afte Tsao et al.?®. Kit used: Human
Adiponectin ELISA kit fro ASSAYPRO. Assaypro
LLC 3400 Harry S Truman Blvd St. Charles, MO
63301.

HOMA determination

Insulin resistance (IR) was assessed using
homeostasis model assessment (HOMA) from
fasting serum glucose and fasting serum insulin
level, after Mathiews et al.”®. The equation: insulin
resistance (HOMA-IR) = fasting glucose (mg/dl)
x fasting insulin (m [.U./ml)/ 405.

Fasting serum insulin estimation

This was quantitatively estimated using
an enzyme immunoassay method according to
National Committee for Clinical Laboratory
Standards (National Committee for Clinical
Laboratory Standards, 1998)°. Manufacturer
of the kit used: immunospect corporation 7018
Owensmouth Ave. Suit 103 Canoga Park, CA,
91303.

Fasting serum glucose determination

This was estimated by an enzymatic
colorimetric method. The principal is enzymatic
oxidation of glucose by glucose oxidase enzyme,
according to Tietz!.

Kit used from Egyptian Company for
biotechnology (S.A.E.)  Obour City Industrial
Area. block 20008 piece 19A Cairo. Egypt.
Statistical methods

The collected data were coded, tabulated,
and statistically analyzed using IBM SPSS statistics
(Statistical Package for Social Sciences) software
version 22.0, IBM Corp., Chicago, USA, 2013.

Descriptive statistics were done for
quantitative data as minimum & maximum of the
range as well as mean+SD (standard deviation) for
quantitative parametric data. Inferential analyses
were done for quantitative variables using paired
t-test in cases of two dependent groups with
parametric data. The level of significance was
taken at P value < 0.050 is significant, otherwise
is non-significant.

RESULTS
Mean fasting serum level of high

sensitivity C-reactive protein (HsCRP) dropped
significantly after inulin ingestion from 43.5+£21.5
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Table 1. Shows the values of HsCRP, Lipopolysaccharides, TNFa, Adiponectin and HOMA (IR)

before and after inulin ingestion period

~Change

After

Before
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#P

Range

Median (IQR)

Range Mean£SD Range

Mean+SD

<0.001*

-30.0—1.0

7.0 (-9.0—4.3)
3.3 (-7.5-1.7)

8.0-80.0

15.0-68.5
11.0-18.7
24.7-28.9
2.1-18.7

35.2+19.5
38.8+£17.9

14.0-83.0
16.2-87.3
14.8-21.6
22.3-29.0
2.5-32.1

43.5+£21.5
43.7£21.3

HsCRP (mg/dL)

<0.001*

-20.9-12.3

Lipopolysacharides (pg/mL)

TNF+ (pg/mL)

-6.8—1.6 <0.001*

3.0 (-4.3--2.5)

14.1+1.9
27.6£1.1

17.6+2.3
27.5+1.7

0.845
<0.001*

-2.5-5.2

-13.4-2.7

-0.3 (-0.9-0.5)

Adiponectin (ng/mL)
HOMA (IR)

3.5 (-5.4—-1.6)

7.2+5.0

11.1+8.2

28, “Negative values indicate reduction, #P-value of paired t-test, *Significant

N=

mg/dl to 35.2+19.5 mg/dl with P <0.001, table (1)
and figure (1).

Mean fasting serum level of
lipopolysaccharides and TNFo dropped
significantly after inulin ingestion from 43.7+21.3
pg/ml to 38.8+17.9 pg/ml and from 17.6+2.3 pg/
ml to 14.1£1.9 pg/ml respectively with P <0.001,
table (1) and figure (2).

Mean fasting level of adiponectin
increased after inulin ingestion from 27.5+1.7 ug/
ml to 27.6+1.1 ug/ml with P 0.845, table (1) and
figure (3).

Mean fasting HOMA(IR) dropped
significantly after inulin ingestion from 11.1+8.2
to 7.245.0 with P <0.001, table (1) and figure (4).

50
45
40
35 35.2
30
25
20
15
10

HSCRP (mg/dL)

Before After

Fig. 1. Shows the significant drop of mean fasting serum
HsCRP from 43.5 mg/dl to 35.2 mg/dl after the period
of inulin ingestion
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Fig. 2. Shows the significant drop of mean fasting serum
Lipopolysaccharides and TNF4 from 43.7 pg/ml to 38.8
pg/ml and from 17.6 pg/ml to 14.1 pg/ml respectively
after the period of inulin ingestion
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Fig. 3. Shows the increase of mean fasting serum
Adiponectin from 27.5 ug/ml to 27.6 ug/ after the period
of inulin ingestion

DISCUSSION

Metabolic inflammation is a main culprit
in the pathogenesis of a myriad of serious diseases
which afflict mankind. The adipose tissue and the
liver are the usual sites of the inflammatory process.
However, beside the adipocytes and the hepatic
cells, a variety of cells of the immune system are
also involved including: macrophages, neutrophils,
oesinophils, mast cells and T- lymphocytes.
Moreover, other cells are implicated namely the
vascular endothelial cells, gut mucosal cells and
cells from other tissues involved in systemic
inflammation®'2532,

Systemic inflammation ushers itself
by a rise of serum acute phase reactant proteins
including C- reactive protein (CRP), which is
secreted by the liver®.

However, obesity is the origin and mother
which fosters metabolic inflammation through
several ways. First: when the adipocytes and their
adjacent preadipocytes get engorged with lipids,
they increase in size; their mass outweighs their
blood supply and become necrotic. These dead cells
invite macrophages which infiltrate the adipose
tissue together with other cells of the immune
system. Second: the interaction of the living
adipocytes with the immune system cells, triggers
and propagates the process of inflammation through
the production of inflammatory mediators**-°.

In fact the adipocytes and the immune
system cells share striking key features such as
pathogen sensing, phagocytic activity, complement
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Fig. 4. Shows the significant drop of mean fasting
HOMA (IR) from 11.1 to 7.2 after the period of inulin
ingestion

activation and inflammatory mediators secretion.
Mediators produced by macrophages are termed
cytokines and when secreted by the adipocytes are
called adipokines. These mediators are responsible
for the activation of the inflammatory signaling
network of pathways?.

Third, lipopolysaccharides (LPS) are
usually increased in the adipose tissue of obese
humans.">*” These are the precursors of tumour
necrosis factor alpha (TNF-a)'*'“. This cytokine
is also over expressed in both the adipose tissue
and the muscles of obese individuals®®*’.

TNF-o stands out as the first impressive
link between the triad of obesity, metabolic
inflammation and type 2 diabetes mellitus*’.
TNF-a plays a critical role in the pathogenesis of
type 2 diabetes mellitus, vascular atherosclerosis,
inflammatory bowel diseases (IBDs) and other
diseases in which systemic inflammation is a
causative factor’.

On the level of energy metabolism
(obesity, type 2 diabetes mellitus and the metabolic
syndrome), TNF-o and other inflammatory
cytokines are also highly expressed in the adipose
tissue and muscle tissue of these subjects. TNF-o.
predominates other cytokines in increasing tissue
insulin resistance and impeding insulin action®.

In the cardiovascular system, TNF-o is
involved in several disease processes, particularly
in the initiation and progression of atherosclerosis
and its complications including vascular ischemic
changes, reperfusion injury and heart failure.
Normally the healthy endothelial cells resist the
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adhesion of blood leucocytes to their surface. When
the endothelium is implicated in the process of
systemic (metabolic) inflammation, the cytokines
vascular cell adhesion molecule-1 (VCAM-1)
and TNF-a facilitate the adhesion of monocytes
to the endothelial cells and their diapedesis into
the intima. These monocytes aquire inflammatory
properties through engulfing oxidized and
glycated blood lipids. These starting steps progress
towards the full picture of atherosclerosis and its
complications*' .

TNF-oa is also, involved in the
pathogenesis of autoimmune diseases including
rheumatoid arthritis. It is noteworthy that the
course of atherosclerosis progresses relentlessly in
rheumatoid arthritis patients than in subjects with
traditional risk factors*2.

Autoimmunity can involve and disrupt
the intestinal mucosal cells in two distinct
inflammatory bowel diseases (IBD) namely
ulcerative colitis (UC) and crohn's disease (CD).
TNF-o plays a key role in the pathogenesis of these
two distinct IBD*5.

In the present study, inulin fiber prebiotic
effectively improved several facets in the issue of
metabolic inflammation. It significantly reduced
the high sensitivity c-reactive protein (HSCRP)
which is an important signal that heralds the early
steps of inflammation. Again, inulin significantly
reduced serum level of lipopolysaccharides which
are the main precursors of TNF-a. Also, inulin
significantly reduced serum TNF-o which is
an important and a key cytokine in the initiation
and provocation of systemic inflammation. This
cytokine is produced by a variety of cells whether
involved in the process of inflammation such as
adipocytes, macrophages, mast cells, lymphoid
cells, fibroblasts or other implicated cells like
hepatocytes, cardiac myocytes, endothelial cells
and neuronal cells. The decreased level of TNF-o.
was accompanied by a significant decrease in
HOMA test level. This means a decrease in insulin
reistance and improved insulin action.

On the other hand, adiponectin hormone
(adipokine) which possesses an insulin sensitizing
effect, anti-inflammatory and cardioprotective
properties*®, showed an insignificant rise after
inulin intake. However, cytokines exert their
effect through branching metabolic networks. The
strength of each cytokine depends on its position
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and proximity to this network. The more proximal,
the stronger the effect*’. Consequently the effect
of therapy is not the same on each cytokine. Also,
the duration of inulin ingestion in this study was a
short one (three weeks).

CONCLUSIONS

Inulin type-prebiotic improved several
steps in the process of metabolic inflammation.
This safe edible fiber can be given as an add
on therapy in the different states of systemic
(metabolic) inflammation.

Again, we suggest the study of individual
metabolic inflammatory diseases separately before
and after inulin ingestion, on a large number of
patients and for a longer duration. Also, other
pathogenic and protective cytokines should be
considered in the study together with conclusive
parameters in each disease entity e.g. number
of coronary artery disease events, cerebral
strokes and fatalities in diabetics and patients
with cardiovascular disease; Number of bloody
diarrhea and endoscopic biopsies in those with
inflammatory bowel diseases (IBDs).
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