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The increased prevalence of risky diseases such as obesity, type 2 diabetes mellitus and hypertension 
led to the tremendous spread of atherosclerotic cardiovascular disease to the extent of being an 
epidemic of the present century. Inulin fructan encourages the colonic bifidobacteria. These overcome 
the pathogenic bacteria there which produce certain products. These products enhance lipogenesis in 
the different adipose tissue compartments of the body. Our aim was to find out how inulin suppresses 
lipogenesis and protects against atherosclerosis. Fasting serum total cholesterol, low density lipoprotein 
(LDL), very low density lipoprotein (VLDL) and high density lipoprotein (HDL) were estimated before and 
after three weeks of daily inulin ingestion by 28 type 2 diabetic female patients. There was a significant 
decrease in total cholesterol, LDL, VLDL and a significant increase in HDL. Thus inulin can act as a 
protective substance against atherogenesis. 
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INTRODUCTION 

In the recent era of humansʹ life, 
modernization has globally changed the life style 
of mankind who adopted unhealthy habits. Many 
people now, prefer sedentary life and consume 
junk food rich in carbohydrates, fat and high 
caloric values (Wright, 2010; Reisin, 2010). These 
faulty habits have led to the increase in the 
prevalence of a group of risky diseases such as 
obesity, type 2 diabetes mellitus and hypertension 
(Bray et al., 2009; International Diabetes 
Federation, 2009; He et al., 2009). The outcome 
is the tremendous rise in the spread of 
cardiovascular diseases, to the extent that this 
issue will be one of the greatest epidemics of the 
21st century (Steffel and Luscher, 2009; Hansson, 
2005). These risky diseases impact the 
endothelial cells of the vascular tree through 

different mechanisms such as oxidative stress 
(Maury and Brichard, 2010; Ceriello et al., 2002), 
glycation (Brunzell et al., 2008), dyslipidemia 
(Steinberg, 2005), metabolic inflammation (Elks 
and Francis, 2010), hormonal imbalance (Unger, 
2003; Unger, 2003) and sheer stress (Montani et 
al., 2002). These provoke endothelial dysfunction 
which is the starting step in the process of 
vascular atherosclerosis (Taddei et al., 2003). 

Dyslipidemia plays a major role in the initiation 
and propagation of metabolic inflammation and 
atherogenesis. Atherogenesis starts insidiously 
and proceeds slowly in a progressive chronic 
course due to the building up of fatty materials, 
mainly cholesterol (Stary et al., 1995). Cholesterol 
rich lipoproteins including low density lipoprotein 
(LDL), intermediate density lipoprotein (IDL) and 
very low density lipoprotein (VLDL) are particularly 

http://www.isisn.org/
mailto:mwgnicola@hotmail.com


Nicola  et al.,                                                                                   Anti-atherogenic effect of Inulin 

 

    Bioscience Research, 2018 volume 15(4): 2990-2996                                                             2991 

 

important in this regard. Small sized particles of 
these lipoproteins in the blood especially those of 
LDL, invade the endothelium and percolate in the 
intema. These become oxidized by reactive 
oxygen species (ROS) (Leitinger, 2003). 
Monocytes from the blood stream enter the 
arterial wall, differentiate  into macrophages, 
ingest the oxidized LDL and slowly turn into large 
foam cells. This process is worsened if there is 
insufficient high density lipoprotein (HDL) 
particles. These HDL particles remove cholesterol 
from tissues and carry it to the liver (Eriksson et 
al., 2001; Cybulsky and Gimbrone, 1991). Foam 
cells eventually die and further propagate the 
inflammatory process. The growth of this fatty 
accumulation results in wall thickening and 
atheromatous plaque formation (Glagov et al., 
1987). 

The oligosaccharide inulin fructans, is non 
digestible in the human alimentary tract. When it 
reaches the colon, it is consumed by the 
beneficial bifidobacteria there. These strains of 
bacteria can overcome the harmful strains of the 
gut flora (Delzenine and Cani, 2010; Cani et al., 
2009). These latter produce certain products 
which encourage lipogenesis and the increase of 
fat content in the different body adipose 
compartments (Kalliomaki et al., 2008; Collado et 
al., 2008). 

AIM OF THE PRESENT WORK 
      The aim of this work is to study the effect of 
inulin ingestion on the level of the different serum 
lipoproteins and their impact on the process of 
atherogenesis. 
 
MATERIALS AND METHODS 

Subjects: 
Twenty eight obese, type 2 diabetic women 

were recruited from the municipal hospitals of 
Cairo, Egypt. The age range was 40-65 years. 

Inclusion criteria: obese (body mass index > 
30), type 2 diabetic females, middle aged or 
above, hypertensive or not and not under 
antilipidemic drugs. 

Exclusion criteria:  
Hormonal therapy or contraceptive pills. 

Endocrine disorders or other metabolic diseases. 
Malignancy or organ failure (lung, heart, liver or 
Kidney). Systemic or local infection including 
chest, urinary tract, gastro-intestinal tract or skin 
infection (local or extensive). 

Ethical committee approval:  
The present work has been approved by the 

ethical committee of the National Research 
Centre (NRC), Cairo, Egypt. Certificate number 
15011. 

Consent:  
All patients 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 on the assumption that a small 
amount of inulin can exert a bifidogenic effect 

(Kelly, 2008).  
Inulin specifications: Inulin A.R (C6H10O5) N 

ALPHA-CHEMIKA Mumbai. 400002 (INDIA) An 
ISO: 9001: 2000 Certified company. 

All patients were subjected before and after 
the period of inulin intake for the following. 

A- Full history. B- Thorough clinical 
examination. C- Laboratory investigations: 

Laboratory investigations: 
 
Estimation of total cholesterol 

Fasting serum total cholesterol was measured 
enzymatically after the method of Trinder (Trinder, 
1969). Randox kit was used. Randox laboratories 
limited, 55 Diamond Road, Crumlin, Country 
Antrim, BT 29 4QY, United Kingdom.  
 
Estimation of LDL cholesterol 

Fasting serum LDL cholesterol was calculated 
using the Friedewald formula (Anandaraja et al., 
2005) as follows: 
LDL-Cal (mg/dl) = TC–HDL-C–TG/5 .  
N.B.: Quantitative estimation of fasting serum 
triglycerides was done spectrophotometrically 
after Fossati enzymatic method (Fossati, 1982), 
using the kit from Centronic Germany.    
 
Estimation of HDL cholesterol    

Fasting serum HDL cholesterol was estimated 
by differential precipitation of apolipiprotein B-
containing lipoproteins (VLDL, LDL and (a) Lpa) 
by phosphotungestic acid, sedimentation of the 
precipitant by centrifugation. HDL was 
subsequently estimated colorimetrically in the 
clear supernatant by an enzymatic method after 
Burstein (Burstein et al., 1980). Kit used of 



Nicola  et al.,                                                                                   Anti-atherogenic effect of Inulin 

 

    Bioscience Research, 2018 volume 15(4): 2990-2996                                                             2992 

 

Cormatest from Linear Chemicals S.L. Joaquim 
Costa 182 pianta 08390 Montagat, Barcelona, 
Spain. 
Estimation of fasting serum very low density 
lipoprotein (VLDL)  

This was done by dividing fasting serum 
triglycerides in mg/dl by 5 using Friedewald 
equation for calculating VLDL and LDL 
(Friedewald et al., 1972). 

Fasting serum triglycerides were estimated 
spectrophotometrically after Fossati (Fossati, 
1982). Kit used from Centronic Germany. 

Statistical methods 
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 and maximum of 

the range as well as mean standard deviation 
(SD) for quantitative parametric data. Inferential 
analysis of quantitative variables using paired t-
test in cases of two dependent groups with 
parametric data was performed. The level of 
significance was taken at P value < 0.05. 
 
RESULTS 

There was a significant decrease in mean 
fasting serum level of total cholesterol, LDL and 
VLDL after inulin ingestion period from 236.8±49.3 
mg/dl to 191.0±37.3 mg/dl, from 173.1±47.0 mg/dl 
to 135.5±46.1 mg/dl and from 46.7±21.1 mg/dl to 
39.6±18.8 mg/dl respectively, with P values 
<0.001, <0.001 and <0.005 respectively, table (1) 
and figure (1). 

 
Table (1) : The estimated values of total cholesterol, LDL, HDL and VLDL before and after the 

period of inulin ingestion. 

 

 
Before 

 
After ^Change 

#P 

Mean±SD Range Mean±SD Range Median (IQR) Range 

Cholesterol 
(mg/dL) 

236.8±49.3 174.0–355.0 191.0±37.3 113.0–245.0 -40.0 (-67.0–-13.0) -123.0–14.0 <0.001* 

LDL 
(mg/dL) 

173.1±47.0 106.0–266.0 135.5±46.1 50.0–212.0 -42.0 (-63.0–-5.5) -112.0–25.0 <0.001* 

HDL 
(mg/dL) 

13.3±3.9 6.6–20.6 15.2±3.2 10.4–21.8 1.4 (0.8–2.1) -2.5–8.2 <0.001* 

VLDL 
(mg/dL) 

46.7±21.1 12.4–86.8 39.6±18.8 16.0–78.4 -8.7 (-12.3–-3.3) -25.6–43.6 0.005* 

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

 

 
 
Figure (1) : A significant decrease in the mean fasting serum level of  total cholesterol from 
236.8±49.3 mg/dl to 191.0±37.3 mg/dl, a significant decrease in the mean fasting serum level of 
LDL from 173.1±47.0 mg/dl to 135.5±46.1 mg/dl, a significant decrease in mean fasting serum level 
of VLDL from 46.7±21.1 mg/dl to 39.6±18.8 mg/dl and a significant increase in the mean fasting 
serum level of HDL from 13.3±3.9 mg/dl to 15.2±3.2 mg/dl after inulin intake period. 
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There was a significant increase in mean 

fasting serum level of HDL after inulin intake 
period from 13.3±3.9 mg/dl to 15.2±3.2 mg/dl with 
P value <0.001, table (1) and figure (1). 

DISCUSSION 
 The vast spread of atherosclerotic vascular 

diseases cast a dual burden on many populations 
worldwide. The concerns are both financial and 
health related (Steffel and Luscher, 2009; 
Hansson, 2005). The deadly triplet of 
atherosclerotic vascular diseases are universally 
well documented. Athrosclerotic heart disease is 
counted the first killer (Goran, 2005); Diabetes 
mellitus being coronary artery disease risk 
equivalent stands out as a second killer (Haffner 
et al., 1998), while cerebral stroke is considered 
the third (Air and Kissela, 2007). Rupture of the 
vulnerable atheromatous plaques excite the acute 
events. The catastrophic acute events are not the 
only outcomes of these vascular disorders (Maseri 
and Fuster, 2003). Atherosclerosis is also the 
cause of chronic hindering disabilities such as 
heart failure, chronic renal failure, peripheral 
arterial diseases including intermittent claudication 
and limb amputations. Also, male impotence and 
gut disorders are among their chronic sequels. All 
these proceed silently with no alarming signs 
(Pande et al., 2011). Even acute myocardial 
infarction can ensue silently without warning 
manifestations especially in diabetics, old age and 
patients with autonomic neuropathy (Dweck et al., 
2009). Moreover, augmentation index (AI) and 
pulse wave velocity (PWV) studies have 
demonstrated the fact that normoglycemic 
offsprings of newly diagnosed diabetic parents 
have arterial wall stiffness. Also, this have been 
met with in normoglycemic children descendants 
from parents with impaired fasting glucose 
(Rahman et al., 2009). 

      We have already mentioned that, the 
different lipoproteins cholesterol participate 
variably in the initiation and progression of 
atherosclerosis. Indeed, the estimation of serum 
lipoproteins cholesterol levels is an important 
monitor in the evaluation of the state of vascular 
disorders, their progression and prognosis. 
According to some studies, levels of total 
cholesterol above 240 mg/dl are harmful and less 
than 200 mg/dl are desirable (Cox and García-
Palmieri, 1990). However, individual lipoproteins 
cholesterol estimations including low density 

lipoprotein cholesterol (LDL-c) and high density 
lipoprotein cholesterol (HDL-c) are essential in 
accurate judgment of atherosclerotic vascular 
disorders. These constitute independent risk 
factors. Lowering LDL-c is followed by 
considerable reduction in atherosclerotic vascular 
disease morbidity and mortality. On the other 
hand, rise of blood  HDL-c by 10 mg/L i.e. 1 mg% 
results in 2-3% risk reduction concerning coronary 
artery disease (CAD). It is not only the level of 
HDL which is important but the functionality of the 
particles are essential. HDL-c beside transporting 
cholesterol from the vascular walls to the liver, 
they also have got a pleotropic effect on the 
vascular endothelium. Besides, small HDL 
particles are usually ineffective and are lost in 
urine (Ali et al., 2012). 

 In type 2 diabetes mellitus and the metabolic 
syndrome, the role of very low density lipoprotein 
(VLDL) together with its integral component the 
apolipoprotein C I (apo C I) is of paramount 
importance in atherogenesis (Szapary and Rader, 
2004). Apo C I increases the hepatic synthesis of 
VLDL (Westerterb et al., 2006). Also, it decreases 
the catabolism of VLDL particles through, first: 
delaying their hepatic uptake by inhibiting 
apoprotein E in the VLDL particle which acts as a 
ligand to the hepatic receptor (Sehayek and 
Eisenberg, 1991). Second: by inhibiting the 
hepatic lipoprotein lipase which degrades VLDL 
(Cond-Knape et al., 2002). In turn, the decreased 
degradation of VLDL is also associated with 
increased number of apo C I particles in the 
circulation. Apo C I leaves VLDL and binds to 
HDL and LDL. There it inhibits the cholesterol 
ester transfer protein (CETP) (Dumont et al., 
2005). This inhibition reduces the transfer of 
cholesterol ester (CE) from HDL and LDL to 
VLDL. After this step, HDL particles (engorged 
with CE) become ineffective in transferring 
cholesterol from tissues back to liver. Meanwhile 
the slow catabolism of VLDL and their long 
existance in plasma increase the transfer of TG 
from VLDL to HDL and LDL in exchange for CE. 
This leads to large HDL and LDL particles. When 
these are exposed to the hepatic lipoprotein 
lipase, they lose TG and become small particles. 
The ineffective small HDL particles are lost in 
urine. The small dense LDL particles are strongly 
atherogenic as they can readily percolate through 
the intema, get oxidized and phagocytosed by the 
monocytes to form foam cells starting the 
atherogenic cascade (Henry et al., 2005; Szapary 
and Radar, 2004). On the other hand, when VLDL 
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particles pass in the different vascular beds of the 
body become exposed to the lipolytic effect of the 
plasma lipoprotein lipase (triglyceridase), they 
lose their TG content and become small in size 
called VLDL remnants or intermediate density 
lipoprotein (IDL) and are strongly atherogenic as 
they behave like small dense LDL (Leitinger, 
2003). Moreover, the atherogenicity of elevated 
VLDL particles are not only due to their small 
particle size. The rise of VLDL particles is also 
associated with increase in the atherogenic apo B, 
apo C III and other inflammatory factors. In 
addition there is increase in the blood viscosity, 
coagulation factors including fibrinogen and 
plasminogen activator inhibitor 1 (PAI-1). All these 
enhance atherothrombosis (Henry et al., 2005; 
Brewer, 1999). Lastly we should not forget that, 
elevated VLDL particles are associated with down 
regulation of nitric oxide (NO) which provokes 
endothelial dysfunction. This later is the first 
leading step in the process of atherosclerosis 
(Taddei et al., 2003). 

In the present study, inulin ingestion 
significantly decreased both the harmful serum 
total and LDL cholesterol. Also, it significantly 
increased the useful serum HDL cholesterol. At 
the same time inulin significantly lowered serum 
level of VLDL particles; thus lowering the 
emergence of the ineffective small HDL particles 
which are usually lost in urine. Also lowering 
VLDL decreases both the atherogenic small 
dense LDL particles and the small dense VLDL 
remnants (IDL). Also, lowering VLDL particles 
decreases the level of the atherogenic moiety of 
VLDL, the apo B 100. 

      Again, in our previous studies we could 
prove that inulin lowered insulin resistance, fasting 
hyperinsulinemia and fatty liver (Nicola et al., 
2015; Girgiss et al., 2016). In fact these three 
pathogenic states are atherogenic by themselves 
(Bornfeldt and Tabas, 2011; Stolar, 1988). 
  
CONCLUSION 

Inulin improves the atherogenic dyslipidemia 
met with in type 2 diabetes mellitus. Accordingly, 
we suggest the prolongation of this study on a 
greater number of patients, together with the 
estimation of the different prothrombotic 
parameters which accompany the increase in 
blood VLDL particles. These include apo C III, 
fibrinogen and PAI-1. In our opinion inulin being a 
safe compound, it can be used as a protective 
and therapeutic antiatherogenic substance. 
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