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ABSTRACT

Background: During the last years, changes in lifestyle, changes in the food system, reduced physical
activity seem to be the major drivers of the rise of the global epidemic of obesity. Due to obscure
etiology, the treatment of obesity is difficult. Medicinal herbal supplements are being extensively
utilized due to their effectiveness in managing many chronic disorders and exert less to no toxic side-
effects in comparison with many chemically synthesized drugs. The aim of the present work was to
study the effect of bionanocomposite on the body weight gain in experimental obesity, which was
induced by the high-calorie diet.

Results: Our results suggest the development of obesity in rats who consumed high-calorie diet. The
consumption of high-calorie diet leads to changes in food behavior and changes in key physiological
and biochemical parameters. This study investigated the inhibitory effect of bionanocomposite (BNC)
on body weight gain in high-calorie diet- (HCD-) induced obese rats. Male rats were fed by a HCD ad
libitum which containing BNC (2%) ((HCD for 11 weeks + BNC (2%) for 11 weeks), respectively.
The consumption of high-calorie diet animals with the addition of 2% bionanocomposite does not
lead to excessive growth of the body weight of rats.

Conclusions: Bionanocomposite prevents body weight, body weight gain, specific rate of body mass
gain in high calorie diet- obese rats. However, more in-depth studies are necessary to use
bionanocomposite in the prevention of obesity.

Key words: Bionanocomposite; Fenugreek; Obesity; High calorie diet; Animal model; Body weight;
Prevention

INTRODUCTION obese; 39% of adults aged 18 years and over

The high prevalence of obesity is a
global public health problem due to its
association with several diseases, ? and
reduced lifespan. ©® It arises as a result of
complex interaction of genetic, life style,
dietary  habitus, energy expenditure,
nutritional and metabolic factors, as the
adipocyte metabolism. “® Key facts of
obesity: worldwide obesity has more than
doubled since 1980; in 2014, more than 1.9
billion adults, 18 years and older, were
overweight; of these over 600 million were

were overweight in 2014, and 13% were
obese; most of the world's population live in
countries where overweight and obesity
Kills more people than underweight; 42
million children under the age of 5 were
overweight or obese in 2013. ©

Standard treatment options for
obesity include reducing caloric intake and
increasing energy expenditure.  Often
accompanied by an adaptive decrease in
metabolic rate, making further body weight
loss and/or maintenance difficult. "
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Adherence to behavioral changes is
generally poor, hindering the effectiveness
of such programs. ® Specifically, 50% of
individuals who initiate an exercise program
discontinue within 6 months. ©® For these
reasons, many obese individuals are turning
to pharmaceuticals to treat obesity. Current
pharmaceutical —approaches focus on
methods to reduce food intake, either via the
central nervous pathways or via the
gastrointestinal tract. New drugs include
sibutramine, a selective serotonin and
norepinephrine reuptake inhibitor that elicits
dose-dependent body weight reduction in
obese individuals, © and orlistat, a specific
inhibitor of gastric and pancreatic lipase
activity that reduces gastrointestinal fat
absorption by -~30% and also has
demonstrated efficacy in achieving body

weight loss in obese individuals. @
Unfortunately, sibutramine (Sibutramine,
which acts on the brain to inhibit

deactivation of the neurotransmitters,
thereby de-creasing appetite was withdrawn
from the United States and Canadian
markets in  October 2010 due to
cardiovascular side effects) and orlistat
exhibits common adverse events in 10% to
30% of users. ¥ A nutritional based
intervention is being hailed as an
inexpensive alternative to aid weight loss,
and weight management.

Fenugreek  (Trigonella  foenum-
graecum) also known as Greek hay is a well
known leguminous annual herbaceous plant
extensively cultivated in Asia, Africa and
Europe. The Latin name of fenugreek,
Trigonella means triangle shaped pale
yellow flower and Foenum greacum means
Greek hay. ™" Fenugreek grows to an
average height of 2 feet its seeds are used in
India as a condiment and in Egypt as a
supplement to wheat and maize flour for
bread making. The medicinal uses of
fenugreek have been known for a long time.
8 The mature fenugreek seed has many
active components such as amino acids,
fatty acids, vitamins and saponins such as
diosgenin, gitogenin, neogitogenin,
homorientin saponaretin, neogigogenin and

tigogenin, fibers, flavonoids,
polysaccharides, fixed oils and some
identified alkaloids, that is, trigonelline and
choline. % Different active components
of fenugreek seeds have been identified and
isolated such as polyphenolic flavonoids
which exhibit most common properties, that
is, hypoglycemic, hypocholesterolemic,
hypotriglyceridemic and antiperoxidative,
steroid saponins exhibiting anti
inflammatory and uterus and lactation-
stimulating properties, polysaccharides such
as galactomannans contains antidiabetic
effects and an amino acid 4-
hydroxyisoleucine has been shown to
possess insulin-mimetic properties. 4%
Due to the widespread use and beneficial
properties of fenugreek, many studies have
been undertaken to investigate its potential
application in health and many common
disorders. %3 However, scientifically,
mechanism-based studies on its efficacy in
prevention body weight gain and
management of obesity-related
complications do not exist.

So, because fenugreek seeds are
being used as a condiment and are known to
have health benefits, Trigonella Foenum
greacum seed powder was used in this
study. To maximize the wusing of
biologically active substances Trigonella
foenum-graecum seeds were transferred to
highly dispersed state by immobilization on
the surface nanosilex that allowed obtaining
bionanocomposite.

MATERIALS AND METHODS

Research  was  conducted in
compliance with the standards of the
Convention on Bioethics of the Council of
Europe’s ‘Europe Convention for the
Protection of Vertebrate Animals’ used for
experimental and other scientific purposes’
(1997), the general ethical principles of
animal experiments, approved by the First
National Congress on Bioethics Ukraine
(September 2001) and other international
agreements and national legislation in this
field. Animals were kept in a vivarium that
was accredited in accordance with the
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‘standard rules on ordering, equipment and
maintenance of experimental biological
clinics (vivarium)’. Instruments to be used
for research are subject to metrological
control.
Seeds of Trigonella foenum graecum L.
varieties Ovari 4 were provided by
Professor of the University of West
Hungary Séndor Makai (Institute of Crop
Sciences, Department of Medicinal and
Aromatic Plants). Mechanically activation
of mixture of nanosilex and powdered seeds
of Trigonella foenum graecum carried out in
ball mills. It was used fumed silica Fine
Asyl-300 (SBET = 340 m2 /g, Kalush,
Ukraine). It consists of spherical particles
with a diameter of 9-10 nm, which are on
the surface silanol groups = Si-OH and
adsorbed water molecules. The
concentration of free silanol groups (aOH)
for the selected sample was 0.8 mmol/g. ©¢?
Animals and housing conditions:

The study was carried out on 40 rats.
The experiments were carried out on white
male rats a mass of 155 = 5 g. All rats were
housed in a temperature-controlled facility
(23°C) with a 12-hour light/dark cycle and
fed a chow diet containing 12.1% fat (C) or
high-fat diet containing 38.8% fat (HCD).
Animals and diet:
The animals were divided into groups:
e control rats (C);
e rats which consumed high-caloric
diet during 11 weeks of the
experimental period (HCD); ¢
e rats of group 3 were fed by a
standard chow which containing
bionanocomposite (2%) during 11
weeks of the experimental period
(C_BNC);
e Rats were fed by a high-caloric diet
which containing bionanocomposite
(2%) during 11 weeks of the
experimental period (HCD_BNC).
Anthropometrical and nutritional
determinations:

Food consumption was measured
daily at the same time (09:00 to 10:00 h)
and body weights were determined once a
week. Body length of all animals was

measured. The body weight and body length
were used to determine the following
anthropometrical parameters: body mass
index (BM1), ©* specific rate of body mass
gain, ®¥ feed efficiency (FE).

Statistics:

According to Shapiro-Wilks> W test
our data were normally distributed. All
results are expressed as the Mzm of n
values. Statistical comparisons between
groups were

RESULTS

Figures 1 and 2 shows the dynamics
of body weight increase in 4 groups of rats.
It was found that after 11 weeks in animals
consumed HCD, body weight was
significantly higher in comparison with
control animals by 16.9% (p <0.05). ©¢37
Thus, the body weight of HCD_BNC group
rats was lower by 17.4% (p <0.05)
compared with HCD group. Weight animals
that consume standard feed with the
addition of bionanocomposite were 10.8%
lower than the mass of the control animals.
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Fig.1. Body weight (g) of control rats (C), rats fed a high-calorie
diet (HCD), rats fed a high- calorie diet with bionancomposite

(HCD_BNC) and control rats with bionanocomposite (C_BNC)
during 11 weeks
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Fig.2. Cumulative body weight gain (g) of control rats (C), rats fed
a high-calorie diet (HCD), rats fed a high- calorie diet with
bionancomposite  (HCD_BNC) and control rats with
bionanocomposite (C_BNC) during 11 weeks
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Figure 3 shows mean daily food
intake in all groups of rats. Group of
animals that consumed standard feed with
the addition of 2% bionanocomposite
consumed more food (by 16.7% (p < 0.05))
than the control group of animals during 11
weeks. Other groups were not observed
significant differences between the food
intake.
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Fig.3. Mean food intake (g) of control rats (C), rats fed a high-
calorie diet (HCD), rats fed a high- calorie diet with
bionancomposite  (HCD_BNC) and control rats with
bionanocomposite (C_BNC) during 11 weeks

* - p<0.05 compared to control group, # - p<0.05 compared to
HCD-group

Figure 4 shows that HCD rats had
significantly higher cumulative feeding
efficiency, than C rats by 90% (p < 0.05). In
the group of animals HCD_BNC decreased
efficiency of feeding compared with HCD
by 47,4% (p < 0.05).
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Fig.4. Cumulative feeding efficiency in control rats (C), rats fed a
high-calorie diet (HCD), rats fed a high- calorie diet with
bionancomposite  (HCD_BNC) and control rats  with
bionanocomposite (C_BNC) during 11 weeks

* - p<0.05 compared to control group, # - p<0.05 compared to
HCD-group

The cumulative food intake
increased in all groups of rats. Mean
cumulative food intake of C, HCD,
HCD_BNC and C_BNC during the period
of the experiment is shown in Figure 5. In
C_BNC group of animals observed increase
of cumulative food intake compared to all
other groups.
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Fig.5. Cumulative food intake in control rats (C), rats fed a high-
calorie diet (HCD), rats fed a high- calorie diet with
bionancomposite  (HCD_BNC) and control rats with
bionanocomposite (C_BNC) during 11 weeks

Figure 6 shows specific rate of body
mass gain of all experimental groups of
animals during 11 weeks. The specific rate
of body mass gain in HCD group was
significantly decreased with increasing time
of experiment. In the C, HCD_BNC and
C_BNC groups of animals observed a lower
specific rate of weight gain during the
experiment.
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Fig.6. Specific rate of body mass gain (g/kg) in control rats (C),
rats fed a high-calorie diet (HCD), rats fed a high- calorie diet with
bionancomposite  (HCD_BNC) and control rats with
bionanocomposite (C_BNC) during 11 weeks
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DISCUSSION

In previous studies we have shown
the development of obesity in conditions of
high consumption of food. ©®*® A high
calorie diet-induced obese animal is
pathophysiologically very similar to an
obese human. ©? Therefore, it is an
appropriate animal model for the evaluation
of anti-obesity interventions in an in vivo
experimental test. “©

Today the need for effective tools
for prevention of weight gain, obesity and
complications in the general population.
There is also an urgent need to restore
weight in people who are overweight.

In theory the solution is simple, but
implementation will continue to be difficult
and ineffective as long as we maintain the
view that just telling people that they should
eat less and exercise more does the job. “V
This simplistic strategy assumes that
humans have conscious control over
appetite and body weight regulation, which
is certainly not the case for most people; if it
were true, there would be no overweight or
obese people. “Y in the words of Astrup
A:”’l have never met an obese patient who
has worked hard to become obese and to
maintain an excessive body size. “Y We
need to acknowledge that our regulatory
systems are geared to prevent depletion of
body energy stores and under nutrition
effectively, whereas the systems that reduce
appetite and increase energy expenditure
during periods of excess availability of
foods are easily suppressed by palatability
and by the social, psychological, and
rewarding aspects of foods”. (41)

The best method in the fight against
obesity is its prevention. Public health and
general preventive medicine focuses on
promoting health, preventing disease, and
managing the health of communities and
defined populations. These practitioners
combine population-based public health
skills  with  knowledge of primary,
secondary, and tertiary prevention-oriented
clinical practice in a wide variety of
settings.

The application of nanoparticles
allowing the combination of therapy and
diagnosis, known as theranostic, has
received increasing attention in
biomedicine.*? Pharmacological, pharma-
ceutical and toxicological aspects of the
application of nanoparticles in biomedical
purposes still remain poorly understood.
Nanodisperse state of natural biologically
active  substances  Trigonella  foenum
graecum seeds in biocomposite ensures their
high bioavailability, so they can more
effectively  influence the  metabolic
processes in cells.

Medicinal herbal supplements are
cost-effective, and exert less to no toxic
side-effects in comparison with many
chemically synthesized drugs.

In the present study
bionanocomposite incorporated into diet at
level of 2% showed significant decrease in
body weight. The probable mechanism
decreasing the total body and adipose tissue
weight may be that fenugreek flushes out
the carbohydrates from the body before they
enter the blood stream resulting in weight
loss or fenugreek seeds contain a high
proportion of soluble fiber. Fenugreek seeds
can also exert hypoglycemic effects by
inhibiting the activities of alpha-amylase
and sucrase, the two intestinal enzymes that
are involved in carbohydrate digestion and
absorption. “? In clinical studies the
hypoglycemic action of fenugreek has been
attributed to its content of galactomannan, a
water soluble fiber, which inhibits glucose
absorption and slows gastric emptying.

CONCLUSION

As obesity is a component of
metabolic syndrome which eventually leads
to type 2 diabetes, incorporation of
fenugreek in the daily diet may assist with
weight management and hence may help
prevent or delay the onset of chronic
diseases. Further research can be done to
measure insulin index in order to learn more
about the mechanism of action. In addition
novel food products enriched with
fenugreek can be developed.
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