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Abstract— Obesity is one of the largest and fastest growing public health problems in the world. The pharmacological options
for obesity treatment remain quite limited. Recently, one of the potential exciting research areas is the development of
innovative therapeutic molecular vaccines and immunoglobulins. Here, we developed novel immunoglobulins against obesity
containing anti-ghrelin O-acyltransferase (GOAT) IgY to block the activity of the appetite-stimulating hormone "ghrelin”. Its
preliminary pre-clinical evaluation was applied into 3 mice groups, (A) was fed standard pellet chow, (B) was fed a high-fat
diet with metabolizable energy contents of 13% kcal from fat and (C) was fed a high-fat diet with metabolizable energy
contents of 45% kcal from fat. Oral immunization with this biologics successfully induced beneficial responses that attenuated
body weight gain by decreasing food intake and increasing energy expenditure. Anti-GOAT IgY is a promising approach for
the treatment of obesity by oral administration but further studies are still required before entry into clinical trials as its effect

on physical activity and visceral adipose tissue.
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l. INTRODUCTION

Obesity is one of the largest and fastest growing public
health problems in the world. It is defined as a medical
condition characterized by accumulation of excess body fat
with negative impact on a person health. It is considered one
of the major causes of death and disability. The worldwide
prevalence of obesity nearly doubled during the last 30 years
M- Obesity is associated with increased prevalence of
multiple  comorbidities like diabetes, hypertension,
dyslipidemia and other features of the metabolic syndrome
that leading to cardiovascular diseases It is a known risk
factor for certain types of cancer and other life-threatening
conditions. It is also associated with increases in premature
mortality, impaired quality of life and large health care cost.
It presents a real burden for the modern human society in
terms of the health care system and economy ? This is a
potential health crisis that must be addressed sooner rather
than later especially obesity is preventable and weight loss
can largely improve & resolve most comorbidities associated
with it B We have to monitor science and promote
research to fulfill the treatment gab between behavioral
therapy, bariatric surgery and the quite limited
pharmacotherapy ' Recently, major advances in our
understanding of the basic energy homeostasis and appetite
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control have identified numerous targets for potential anti-
obesity drug development such as innovative therapeutic
molecular  vaccines and immunoglobulins  targeting
hormones to reduce body weight [ In this scope, ghrelin
hormone has attracted particular attention with the
development of different neutralization approaches in order
to develop alternative obesity treatments. Ghrelin
administration potently stimulates feeding, lowers energy
expenditure, shifts food preference toward diets rich in fat
and shifts fuel preference away from metabolic utilization of
fat as an energy source. Chronic ghrelin administration
eventually results in increased body weight gain and
adiposity. Collectively, these data have led to the hypothesis
that inhibition of ghrelin action may be a feasible strategy to
reduce body weight and food intake ™ Unique acylation step
is required for binding of ghrelin to its receptor (GHSR). The
only enzyme known to catalyze acyl modification of ghrelin
is Ghrelin O-acyltransferase (GOAT). The discovery of
ghrelin O-acyltransferase (GOAT) opens the way to design
of drugs that block the attachment of an octanoyl group to
the appetite-stimulating peptide hormone ghrelin that
potentially ~preventing obesity ' The usage of
immunoglobulin Y as an immuno-intervention agent has
superior advantages over mammalian 1gG. Numerous studies
have shown that IgY exhibits up to five times more affinity
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to a specific antigen and reacts more rapidly to the same
antigen when tested in competition assays @ Also, lgY
preparation is more economic than that 1gG. IgY does not
bind human complement and Fc receptors. Therefore, IgY
does not elicit non-specific inflammatory reaction. The
manner of IgY extracting from the host is through a
bloodless physiological process by egg laying whereas
extracting of IgG involves bleeding and pain issues % Here
we developed novel Immunoglobulins against obesity
containing anti-ghrelin O-acyltransferase (GOAT) IgY and
demonstrated that oral immunization with this biologics
successfully induced beneficial responses that attenuated
body weight gain.

Il. METHODOLOGY

1. Experimental Animals: Ten Single Comb White
Leghorns SPF hens (6 months old) were purchased from a
local poultry farm. The hens were kept in a standard poultry
house with a 16/8 h light/dark cycle. The room temperature
was approximately 25 °C. The hens were fed a laying hen
diet, crushed egg shells and water ad libitum.

Sixty male mice were obtained from VACSERA, Egypt. All
mice were housed with ad libitum food and water under
standard 12-h light/12-h dark conditions. The mice were fed
either standard pellet chow or a high-fat diet with
metabolizable energy contents of 13% kcal from fat and 45%
kcal from fat, respectively.

2. Synthesis of the immunogen: The immunogen used was
synthetic peptide of Ghrelin O-acyltransferase that had the
following sequence: CHLGLHYTEYYLGEP. It was
constructed in multiple antigen peptide (MAP), tetra
branched by:
Hangzhou Dangang Biological Technology Co., Ltd., China.

3. ANTI-GOAT IGY PREPARATION

3.1. Chicken Immunization: After keeping for three days,
6 months old Single Comb White Leghorns SPF laying hens
were immunized with the prepared immunogen (synthetic
peptide of Ghrelin O-acyltransferase) mixed with Freund’s
adjuvant, 4 successive doses with 2 week intervals
according to the method described by Yokoyama et al.,
1997 with some modifications.

Some eggs were collected before immunization and stored
in the refrigerator at 4 °C. At the first immunization, 1 ml
of Freund’s Complete Adjuvant (Sigma, USA) containing 6
ug of immunogen was injected into the hens
intramuscularly. Repeat immunizations were performed at
2, 4 and 6 weeks using a complex solution containing
Freund’s Incomplete Adjuvant (Sigma, USA) and the same
volume of immunogen. Two weeks after the first
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immunization, immunized eggs were collected, marked and
stored at 4 °C.

3.2. Extraction and Purification of anti-GOAT IgY:
3.2.1. Extraction of anti-GOAT IgY: IgY was extracted
from collected eggs using the water solution method as
described by Akita and Nakai, 1993™ and Chalghoumi et
al., 2009"%. Two weeks after the final immunization,
collected eggs were harvested and pooled. The egg yolk
was collected separately and carefully from the albumin and
yolk membrane. The yolk membrane was perforated for
allowing the flow of yolk into a graduated cylinder singly
without the membrane. The egg yolk was mixed with fresh
distilled water in a ratio (1:9). The pH of the mixture was
adjusted to 4.0 with hydrogen chloride (HCI) and stored
overnight at 4 °C. The aggregate lipoproteins of the yolk
were separated by centrifugation at 10,000 Xg for 25 min at
4 °C. Colorless and translucent supernatants that contain
IgY were transferred to a graduated cylinder. The volume
was recorded.

3.2.2. Salt precipitation of anti-GOAT IgY™!: It was
performed using ammonium sulphate 40% in two steps.
First, the diluted yolk was precipitated by 40% ammonium
sulfate at 4 °C using magnetic stirrer for 2 hours. Then,
centrifugation was done at a speed of 10,000 Xg for 15 min.
The pellet was re-suspended in 0.01 M Tris-HCI (pH 8.0) to
a volume equal to half of the supernatant. The sample was
precipitated by 40% saturated ammonium sulfate again at 4
°C for 2 hours, and the pellet was dissolved in PBS, pH 7.4,
and dialyzed against 10 mM phosphate buffer, pH 7.0, for 3
successive days.

3.3. Anti-GOAT IgY concentration analysis: The protein
concentration of the purified 1gY was determined from the
absorbance at 280 nm of purified IgY diluted at 1:10 using
1.33 as the extinction coefficient. The formula for calculating
IgY concentration was as follows:

IgY concentration = A (530 X 10/1.33 mg/ml.

3.4. Anti-GOAT IgY antibody titer was evaluated using
ELISA: A polystyrene plate (Costar, USA) was coated with
100 ul of the immunogen in carbonate—bicarbonate (0.05 M,
pH 9.6) coating buffer overnight at 4 °C. The plate was
washed with PBS-T (0.01 M PBS containing 0.05% Tween
20), and then appropriately diluted 1gY was added. After
incubating for 2 h at 37 °C, the wells were washed with PBS-
T, and 100 ul of an HRP-conjugated goat anti-chicken IgG
(Sigma, USA) was added. After incubating for an additional
2 h, the plate was washed with PBS-T. Then, 100 ul of the
TMB substrate solution was added. After further incubation
for 15 min, 2 M H,SO, was added to stop the reaction. The
absorbance was measured at 450 nm on a micro plate reader
(Thermo, USA). When the OD sample/OD negative ratio
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was greater than 2:1, the maximum dilution multiple of the
sample was determined as the IgY titer.

4. Preliminary pre-clinical evaluation of anti-GOAT IgY
efficacy:

4.1. Body weight, food intake, and body temperature of
the mice: Sixty mice were divided into 3 main groups (20
mice per group). Group (A) was fed standard pellet chow and
subdivided into 2 subgroups. Subgroup (A1) included ten
mice were immunized with anti-GOAT IgY daily and
subgroup (A2) includes ten mice as a control. Group (B) was
fed a high-fat diet with metabolizable energy contents of
13% kcal from fat and subdivided into 2 subgroups.
Subgroup (B1) included ten mice were immunized with anti-
GOAT IgY daily and subgroup (B2) includes ten mice as a
control also. Group (C) was fed a high-fat diet with
metabolizable energy contents of 45% kcal from fat and
subdivided into 2 subgroups. Subgroup (C1) included ten
mice were immunized with anti-GOAT IgY daily and
subgroup (C2) includes ten mice as a control as well. All
mice were weighed once weekly using a balance (Sartorus,
Germany). Individual daily food intake was measured on 2
consecutive days at 2-3 weeks after the final vaccination and
the mean was defined as the daily food intake. The body
temperature of the mice was also measured rectally each
week using a digital thermometer with a rectal Probe.

4.2. Measurement of the plasma concentrations of
ghrelin, leptin, adiponectin, and growth hormone:
Concentrations of AG, UAG, leptin, adiponectin, and growth
hormone in plasma obtained from control and immunized
mice fasted for 16 h were measured by double-antibody
sandwich technique (SPI-Bio, Montigny Le Bretonneux,
France) or ELISA methods (EMD Millipore Corporation,
Billerica, MA).

5. Statistical analysis: The data are expressed as mean *
s.e.m. Statistical comparisons were made by analysis of
variance followed by an unpaired two-tailed Student’s t-test
between the two groups. P-values of < 0.05 were considered
to be statistically significant.

I11. RESULTS

Anti-GOAT Ig Y concentration: Two weeks after the final
immunization with the prepared immunogen (Synthetic
peptide of Ghrelin O-acyltransferase), laying hens produced
specific IgY. The concentration of IgY was nearly 8.66
mg/ml egg yolk, as determined by the absorbance at 280 nm.

Anti-GOAT Ig Y purity: The purified IgY samples showed

antibody concentrations ranging from 8.18 mg/ml to 8.29
mg/ml as measured by Bradford assay.
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Anti-GOAT IgY antibody titer in egg yolk: Anti-GOAT
IgY produced by the immunized hens increased over time, as
revealed by ELISA (Fig. 1). The specific IgY titer increased
starting the second week after the first immunization, with
the titer peaking at the eighth week. After twelve weeks, the
antibody titer slowly declined.

Anti-GOAT IgY titer
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Fig. 1: The titer of anti-GOAT IgY antibody in egg yolks increases
over time. Egg yolks were collected from immunized hens over a
course of 18 weeks after the first immunization.

Body weight, food intake, and body temperature of the
mice:

Body weight gain: To evaluate the effect of anti-GOAT IgY
on body weight gain, control and immunized mice were
weighed every week. The results revealed that anti-GOAT
IgY attenuated body weight gain in the three main groups.
Also, body weight gain with growth was accelerated with
initiation of the high-fat diet in control mice and in
immunized mice. However, immunization with anti-GOAT
IgY attenuated the body weight gain induced by the high-fat
diet. The response of Group (B) which fed a high-fat diet
with metabolizable energy contents of 13% kcal from fat
(control 35.61 + 0.6 g vs. immunized mice 28.10 + 0.2 g at
14 weeks after the final immunization, n = 10 per group, P <
0.05) was significantly more than group (C) which fed a
high-fat diet with metabolizable energy contents of 45% kcal
from fat (control 38.60 = 0.1 g vs. immunized mice 32.10 +
0.5 g at 14 weeks after the final immunization, n = 10 per
group, P = 0.55). While the response in group (A) was
(control 23.80 + 0.7 g vs. immunized mice 20.30 £ 0. 4 g at
14 weeks after the final immunization, n = 10 per group, P <
0.05). To elucidate whether the attenuation in body weight
gain in immunized mice of all groups was due to a decrease
in food intake or due to an increase in energy expenditure,
we measured food intake and rectal temperature.
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Fig. 2: Anti-GOAT IgY attenuated body weight gain. Control and
immunized mice were weighed every week. (a) Group (A) was fed
standard pellet chow immunized with or without anti-GOAT IgY
daily for 14 weeks. (b) Group (B) was fed a high-fat diet with
metabolizable energy contents of 13% kcal from fat immunized with
or without anti-GOAT IgY daily for 14 weeks. (c) Group (C) was
fed a high-fat diet with metabolizable energy contents of 45% kcal
from fat immunized with or without anti-GOAT IgY daily for 14
weeks. Body weight gain with growth was accelerated with
initiation of the high-fat diet in control mice and in immunized mice.
However, immunization with anti-GOAT IgY significantly
attenuated the body weight gain induced by the high-fat diet. Data
are shown as means + s.e.m. with differences between mean values
evaluated for significance by using Student’s t-test (P value < 0.05).

Daily food intake: The result revealed that anti-GOAT IgY
immunization significantly decreased the daily food intake of
immunized mice than control mice in the three main groups.
The decrease in the daily food intake was more in group (C)
which fed a high-fat diet with metabolizable energy contents
of 45% kcal from fat (control 14.00 +0.82 K cal per day vs.
immunized mice 8.63 + 0.75 K cal per day, n = 10 per group,
P < 0.05), followed by group (B) which fed a high-fat diet
with metabolizable energy contents of 13% kcal from fat
(control 13.25 + 0.96 K cal per day vs. immunized mice 9.00
+ 0.82 K cal per day, n = 10 per group, P < 0.05) and
followed by group (A) which fed standard pellet chow
(control 13.00 + 0.82 K cal per day vs. immunized mice 9.88
+ 054 K cal per day, n = 10 per group, P < 0.05)
respectively (Fig. 3).
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Fig. 3: Anti- GOAT IgY decreased food intake of immunized mice
than control. Individual daily food intake was measured on 2
consecutive days and the mean intake over the 2 days was defined
as the daily food intake. Data are shown as means + s.e.m. with
differences between mean values evaluated for significance by
using Student’s t-test (P < 0.05).

Body temperature: The results show significant difference
between control and immunized mice rectal temperature,
which is the representative of systemic thermogenesis. It was
37.0 £ 0.2 °C in control mice versus 379 £ 0.5 °C in
immunized mice (P < 0.05).

All The previous data indicate that immunization by anti-
GOAT IgY attenuated body weight gain by decreasing food
intake and increasing energy expenditure.

Plasma concentrations of ghrelin, leptin, adiponectin, and
growth hormone: Ghrelin, leptin and adiponectin are
important hormones that control energy homeostasis. The
plasma level of acylated ghrelin was significantly altered by
immunization (Control mice 676.68 + 84.9 pg/ml vs.
immunized mice 134.40 £ 16.4 pg/ml, n = 9, P < 0.01).
While the plasma leptin and adiponectin levels of immunized
mice were comparable to those of control mice (leptin:
control mice 2.62 + 0.39 ng/ml vs. immunized mice 2.36
0.83 ng/ml, n = 9 per group, P < 0.05; adiponectin: control
mice 1569+181 ng/ml vs. immunized mice 1944 + 832
ng/ml, n = 9 per group, P < 0.01). The plasma level of
growth hormone also did not significantly alter by
immunization (control mice 5.33+0.97 ng/ml vs. immunized
mice 9.32 + 3.66 ng/ml, n =9 per group, P = 0.399).

IV. DISCUSSION

Obesity is one of the important biggest and speediest
growing public health problems worldwide. The prevalence
of obesity nearly doubled during the last thirty years all over
the world 2. 1t is a medical condition caused by excessive
accumulation of body fat with negative impact on an
individual's health, including reduced life expectancy. It is
associated with numerous comorbidities such as type 2
diabetes mellitus, hypertension, metabolic syndrome,
cardiovascular ~ diseases, respiratory, musculoskeletal,
infectious, psychiatric disorders and cancer and represents a
huge economic issue on the health-care system. However,
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weight loss can largely improve or resolve most of these
comorbidities. Recently, it has been considered the leading
cause of preventable death. It has been reported that sixty-
five percent of the world’s population lives in countries
where overweight and obesity kills more people than
underweight. So, we can conclude it presents a real burden
for the modern human society in terms of the health care
system and economy .

The cause of obesity is mainly resulted from a positive
energy balance due to excessive food intake in concomitant
with lack of physical activity in genetically predisposed
persons. In a limited number of cases are secondary to mono
genetic causes such as endocrine disorders or administration
of drugs that lead to weight gain ™. Therefore, it is a
potential health crisis that must be addressed sooner rather
than later.

The cornerstone of overweight and obesity treatment is diet
and physical exercise. However, many patients find lifestyle
modifications difficult to comply and prone to failure in the
long-term. Weight loss surgery (WLS) such as adjustable
gastric banding, gastric bypass surgery and sleeve
gastrectomy provides sustainable weight loss but this method
has significant peri-operative risks such as peri-operative
mortality, surgical complications and the frequent need for
reoperation. Also, it presents an economic burden for the
patient. In addition to the mechanisms of action that lead to
weight loss after operation are not completely understood.

Therefore, many patients consider anti-obesity drugs an
important adjuvant if not a better alternative to behavioral
therapy or weight loss surgery . Since the pharmacological
options for obesity treatment remain quite limited, this is an
exciting research area, with new treatment targets and
strategies on the horizon.

One of the key segments of anti-obesity drugs pipeline is
Appetite Suppressants/Satiety Inducers. In this context,
major recent advances in our understanding of the basic
energy homeostasis and appetite control have identified
numerous targets for potential anti-obesity drug development
and pathophysiological mechanisms involved in appetite
control have opened new possibilities %€,

One of the recent advances in obesity pharmacotherapy is the
development of innovative therapeutic agents as the use of
molecular vaccines and immunoglobulins that target
hormones to reduce body weight. These kinds of therapeutic
agents could be a new approach in developing anti-obesity
medications. Therapeutic vaccines and immunoglobulins
could alternatively treat obesity by suppressing appetite-
stimulating hormones and/or by blocking nutrient
absorptiont®!.
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Regulatory peptides such as adipose tissue antigens,
somatostatin, glucose-dependent insulinotropic polypeptide
(formerly known as gastric inhibitory polypeptide "GIP")
and ghrelin that originated from the stomach, gut, pancreas,
and adipose tissue were studied as potential targets for anti-
obesity drugs ™%

Ghrelin  has attracted particular attention with the
development of different neutralization approaches in order
to develop alternative obesity treatments. Ghrelin is a
hormone that increases hunger feeling. It is made and
released by cells located in the upper part of the stomach.
Multiple studies have approved that ghrelin administration
potently stimulates feeding, decreases energy expenditure,
shifts food preference toward diets rich in fat and shifts fuel
preference away from metabolic utilization of fat as a source
of energy. Therefore, chronic administration of ghrelin
eventually leads to the increase in body weight gain and
adiposity !,

However, the results presented by Zorrilla et al. (2006) 2!
supporting the use of methods to neutralize acylated ghrelin
by therapeutic vaccines, many important questions still
remain such as who should be treated. Also, how long the
immune-neutralization would be efficacious. For example, it
is well-known that antibody titers could wane over time
resulting in less inhibition of ghrelin action. On the other end
of the spectrum, the vaccination’s efficacy might be long-
lasting, which could be problematic if its effects were
irreversible leading to Cachexia. In addition to that the main
limitation of these anti-ghrelin vaccines is the need to use
adjuvants in order to achieve adequate antibody titers.
Adjuvants may be associated with inflammatory reactions!??.
On the other hand, a different study showed that 1gG anti-
ghrelin auto-antibodies are able to protect ghrelin from
degradation %%,

Passive immunization using a polyclonal anti-ghrelin and
monoclonal anti-ghrelin antibody also studied to treat
obesity. Lu et al., 2009 ¥ prepared anti-ghrelin antibodies
which bind with high affinity to acylated ghrelin but not to
des-acyl ghrelin. Recently, monoclonal antibodies targeting
different ghrelin epitopes resulted in maintain increased
energy expenditure and reduce overall food intake !,

For binding of ghrelin to its receptor (GHSR), unique
acylation step is required. Till now the only enzyme known
to catalyze acyl modification of ghrelin is Ghrelin O-
acyltransferase (GOAT). The inactivation of GOAT has been
also suggested as an alternative strategy to block ghrelin
activity since antibodies targeted to hydrolyze the octanoyl
moiety of ghrelin to form des-acyl ghrelin, which has no
biological activity l. Therefore, the discovery of ghrelin O-
acyltransferase (GOAT) also opens the way to the design of
drugs that block the attachment of an octanoyl group to the
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appetite-stimulating peptide hormone ghrelin that is
potentially preventing obesity °!.

Recently, there has been a growing appreciation of using
immunoglobulin Y (IgY) by oral administration against host
pathogens to establish protective immunity especially against
gastrointestinal pathogens both in the human and animals.
Eggs are normal dietary components and there is practically
no risk of toxic side effects. Besides, IgY does not activate
mammalian complement system nor interact with
mammalian Fc-receptors that could mediate inflammatory
response in the gastrointestinal tract. This IgY provides a
safer, more efficient pharmacotherapy and needs less
expensive method for preparation than conventional
mammalian antibodies ). Here we developed novel
Immunoglobulins against obesity containing anti-ghrelin O-
acyltransferase (GOAT) IgY and demonstrated that oral
immunization with this biologics successfully induced
beneficial responses that attenuated body weight gain.

The immunization of hens with the prepared immunogen
(synthetic peptide of Ghrelin O-acyltransferase) resulted in
the production of specific IgY in egg yolk. The concentration
of IgY was nearly 8.66 mg/ml egg yolk, as determined by the
absorbance at 280 nm. The purified IgY samples showed
antibody concentrations ranging from 8.18 mg/ml to 8.29
mg/ml as measured by Bradford assay.

Anti-GOAT IgY produced by the immunized hens increased
over time, as revealed by ELISA. The specific IgY titer
increased starting the second week after the first
immunization, with the titer peaking at the eighth week.
After twelve weeks, the antibody titer slowly declined.

Preliminary pre-clinical evaluation of anti-GOAT IgY
efficacy was applied using sixty mice divided into 3 main
groups (20 mice per group). Group (A) was fed standard
pellet chow, group (B) was fed a high-fat diet with
metabolizable energy contents of 13% kcal from fat and
group (C) was fed a high-fat diet with metabolizable energy
contents of 45% kcal from fat. All mice were weighed once
weekly. Also, individual daily food intake and the body
temperature of the mice were measured. The results revealed
that anti-GOAT IgY attenuated body weight gain in the three
main groups. Also, body weight gain with growth was
accelerated with initiation of the high-fat diet in control mice
and in immunized mice. However, immunization with anti-
GOAT IgY significantly attenuated the body weight gain
induced by the high-fat diet. The response of Group (B)
which fed a high-fat diet with metabolizable energy contents
of 13% kcal from fat was significantly more than group (C)
which fed a high-fat diet with metabolizable energy contents
of 45% kcal from. This finding confirms the theory of life
style as diet and physical exercise is still the cornerstone for
obesity management. Anti-obesity drugs achieve weight loss
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when used in concomitant with weight regain . In addition
to, Azegami, et al. (2017) ! who prepared nanogel-based
ghrelin vaccine to prevent obesity, found that vaccination
may be more effective when used in combination with
dietary restriction. Polytherapy such as combination agents
that are planned to simultaneously target more than one
biological mechanism might be more effective in inducing
sustained weight loss and improving the related
comorbidities. Beside, polytherapy provide a lot of
advantages such as using lower drug doses, possible
synergistic or at least additive weight loss, less serious side
effects and reducing potential for counter-regulation %,

To elucidate whether the attenuation in body weight gain in
immunized mice of all groups was due to a decrease in food
intake or due to an increase in energy expenditure, we
measured food intake and rectal temperature. The result
revealed that anti-GOAT IgY immunization decreased the
daily food intake of immunized mice than control mice in the
three main groups. The decrease in the daily food intake was
significantly more in group (C) which fed a high-fat diet with
metabolizable energy contents of 45% kcal from fat,
followed by group (B) which fed a high-fat diet with
metabolizable energy contents of 13% kcal from fat and
followed by group (A) which fed standard pellet chow,
respectively. This finding is matched with Tschop et al.
(2000) " who concluded that ghrelin shifts food preference
toward diets rich in fat. Moreover, ghrelin shifts fuel
preference away from metabolic utilization of fat as a source
of energy.

Also, the results show difference between control and
immunized mice rectal temperature, which is the
representative of systemic thermogenesis. It was 37.0+0.2 °C
in control mice versus 37.9£0.5 °C in immunized mice. This
result agrees with Wren et al. (2001) ¥ who concluded that
ghrelin administration potently stimulates feeding and lowers
energy expenditure.

Ghrelin, leptin, adiponectin and growth hormone are
important hormones that control energy homeostasis. In this
study we measured their plasma level. We found that
acylated ghrelin was significantly altered by immunization
(Control mice 676.68 + 84.9 pg/ml vs. immunized mice
134.40 + 16.4 pg/ml). While the plasma leptin and
adiponectin levels of immunized mice were comparable to
those of control mice (leptin: control mice 2.62 + 0.39 ng/ml
vs. immunized mice 2.36 + 0.83 ng/ml; adiponectin: control
mice 1569 + 181 ng/ml vs. immunized mice 1944 + 832
ng/ml per group). Although, growth hormone is likely to be
directly altered by modification of ghrelin~-GHSR signaling
as ghrelin is the endogenous ligand of GHSR ; the plasma
level of growth hormone also did not significantly alter by
immunization (control mice 5.33+0.97 ng/ml vs. immunized
mice 9.32+ 3.66 ng/ml per group).
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The previous data indicate that immunization by anti-GOAT
IgY attenuated body weight gain by both mechanisms,
decreasing food intake and increasing energy expenditure.
From all of the above, the novel anti-GOAT IgY developed
here has the potential to prevent and treat obesity. The
concept for using immunoglobulin Y (lgY) by oral
administration against host pathogens to establish protective
immunity especially against gastrointestinal pathogens both
in human and animals is a novel and creative challenge for
the development of future pharmacotherapy and
nutraceutical. Anti-GOAT IgY is a promising approach for
the treatment of obesity. Further studies are still required
before entry into clinical trials as its effect on physical
activity and visceral adipose tissue.

V. CONCLUSION AND FUTURE SCOPE

In this study, we prepared a novel anti-GOAT IgY for
inactivation of GOAT as a new approach to block ghrelin
activity. The preclinical trial revealed that immunization by
anti-GOAT IgY attenuated body weight gain by both
mechanisms, decreasing food intake and increasing energy
expenditure. Therefore, the novel anti-GOAT IgY developed
here has the potential to prevent and treat obesity.

Furthermore, the concept for using immunoglobulin Y (IgY)
by oral administration is also a novel and creative challenge
for the development of future pharmacotherapy and
nutraceutical. So it can be concluded that the prepared anti-
GOAT IgY is a promising approach for the treatment of
obesity while further studies are still required before entry
into clinical trials such as its effect on physical activity and
visceral adipose tissue.

REFERENCES

[1] D. Yach,D. Stuckler, K.D. Brownell, "Epidemiologic and
economic consequences of the global epidemics of obesity and
diabetes”, Nat Med, Vol.12, pp.62-66, 2006.

[2] K.M. Flegal, M.D. Carroll, C.L.Ogden, L.R. Curtin,
"Prevalence and Trends in Obesity Among US Adults, 1999-2008",
JAMA,V0l.303, Issue.3, pp.235-241, 2010.

[31 A. Mukerjee, "Management of GERD, Obesity and PCOS
Leading to Successful Conception Using the ‘Integrated
Approach™, International Journal of Scientific Research in
Biological Sciences, Vol.6, Issue.1, pp.141-144, 2019.

[4] A.V. Mayorov, N. Amara, J.Y. Chang, J.A. Moss, M.S. Hixon,
D.l. Ruiz, M.M. Meijler, E.P. Zorrilla, K.D. Janda, "Catalytic
antibody degradation of ghrelin increases whole-body metabolic
rate and reduces refeeding in fasting mice", Proc Natl Acad Sci U
S A, Vol.105, pp.17487-1792, 2008.

[5] R.R.Wing, D. F. Tate, A. A. Gorin, H. A. Raynor, J. L. Fava,
"Self regulation program for maintenance of weight loss", N. Eng
J Med, Vol.355, pp.1563-1571, 2006.

[6] M. Tschop, D.L. Smiley, M.L. Heiman, "Ghrelin induces
adiposity in rodents", Nature, Vol.407, pp.908-913, 2000.

[71 M. Kojima, H. Hosoda, Y. Date, M. Nakazato, H. Matsuo, K.
Kangawa, "Ghrelin is a growth-hormone-releasing acylated
peptide from stomach", Nature, Vol.402, pp.656-660, 1999.

© 2019, 1JSRBS All Rights Reserved

Vol. 6(6), Dec 2019, ISSN: 2347-7520

[8] J. Yang, M.S. Brown, G. Liang, N.V. Grishin, J.L. Goldstein,
"Identification of the acyltransferase that octanoylates ghrelin, an
appetite-stimulating peptide hormone", Cell, Vol.132, pp.387-396,
2008.

[9] Y. lkemori, M. Ohta, K. Umeda, F.C. Icatlo, M. Kuroki, H.
Yokoyama, Y. Kodama., "Passive protection of neonatal calves
against bovine coronavirus-induced diarrhea by administration of
egg yolk or colostrum antibody powder", Vet Microbiol, Vol.58,
pp.105-111, 1997.

[10] S. Rahman, F.C. Icatlo, N.V. Sa, "Immuno-Intervention with
Immunoglobulin Y in Alimentary Tract Infections as an Alternative
or Adjunct to Antimicrobials or Vaccines", Austin J Clin Med,
Vol.1, Issue.3, pp.1012, 2014.

[11] H. Yokoyama, T. Hashi, K. Umeda, F.C. Icatlo, M. Kuroki, Y.
Ikemori, Y. Kodama, "Effect of oral egg antibody in experimental
F18+ Escherichia coli infection in weaned pigs", J Vet Med Sci,
Vol.59, pp.917-921,1997.

[12] E.M. Akita, S. Nakai, "Comparison of four purification methods
for the production of immunoglobulins from eggs laid by hens
immunized with an enterotoxigenic E. coli strain. J Immunol
Methods", Vol.160, pp.207-214, 1993.

[13] R. Chalghoumi, A. Thewis, Y. Beckers, C. Marcq, D. Portetelle,
Y.J. Schneider, "Adhesion and growth inhibitory effect of chicken
egg yolk antibody (IgY) on Salmonella enterica serovars
Enteritidis and Typhimurium in vitro", Foodborne Pathog Dis,
Vol.6, pp.593-604, 2009.

[14] M. Kuroki, Y. Ikemori, H. Yokoyama, R.C. Peralta, F.C. Icatlo, Y.
Kodama, "Passive protection against bovine rotavirus-induced
diarrhea in murine model by specific immunoglobulins from
chicken egg yolk". Vet Microbiol, Vol.37, pp.135-146, 1993.

[15] L. Chen, D.J. Magliano, P.Z. Zimmet, "The worldwide epide-
miology of type 2 diabetes mellitus: present and future
perspectives”, Nat Rev Endocrinol, Vol.8, pp.228-236, 2012.

[16] M.W. Schwartz, S.C. Woods, D. Porte, R.J. Seeley, D.G. Baskin,
"Central nervous system control of food intake", Nature, VVol.404,
pp.661-671, 2000.

[17] J.C. Halford, E.J. Boyland, J.E. Blundell, T.C. Kirkham, J.A.
Harrold, "Pharmacological management of appetite expression in
obesity", Nat Rev Endocrinol, Vol.6, pp. 255-269, 2010.

[18] N.S. Skolnik, D.H. Ryan, "Pathophysiology, epidemiology, and
assessment of obesity in adults”, J Fam Pract, VVol.63, Issue.7, pp.
S3-S10, 2014.

[19] M.K. Badman, J.S. Flier, "The gut and energy balance: visceral
allies in the obesity wars", Science, VVol.307, pp.1909-1914, 2005.

[20] M.D. Klok, S. Jakobsdottir, M.L. Drent, "The role of leptin and
ghrelin in the regulation of food intake and body weight in
humans: a review", Obes Rev, Vol.8, pp.21-34, 2007.

[21] E.P. Zorrilla, , S. lwasaki, J.A. Moss, J. Chang, , J. Otsuji, K.
Inoue, M. M. Meijler, K.D. Janda, "Vaccination against weight
gain", Proc. Natl. Acad. Sci., Vol.103, Issue.35, pp. 13226—
13231, 2006.

[22] E. Kellokoski, O. Kummu, R. Serpi, P. Lehenkari, O. Ukkola,
Y.A. Kesaniemi, S. Horkko, "Ghrelin vaccination decreases
plasma MCP-1 level in LDLR (-/-) - mice", Peptides, Vol.30,
Issue.12, pp. 2292-2300, 2009.

[23] K. Takagi, R. Legrand, A. Asakawa, H. Amitani , M. Frangois, N.
Tennoune, M. Coéffier ,S. Claeyssens,J.C. do Rego,P.
Déchelotte, A. Inui, S.O. Fetissov, "Anti-ghrelin immunoglobulins
modulate ghrelin stability and its orexigenic effect in obese mice
and humans", Nat Commun, Vol.4, pp.2685, 2013.

[24] S.C. Lu, J. Xu, N. Chinookoswong, S. Liu, S. Steavenson, C.
Gegg, D. Brankow, R.Lindberg, M. Véniant, W. Gu, "An acyl-
ghrelin-specific neutralizing antibody inhibits the acute ghrelin-
mediated orexigenic effects in mice", Mol Pharmacol, Vol.75,
Issue.4, pp. 901-907, 2009.

87


https://jamanetwork.com/searchresults?author=Katherine+M.+Flegal&q=Katherine+M.+Flegal
https://jamanetwork.com/searchresults?author=Katherine+M.+Flegal&q=Katherine+M.+Flegal
https://jamanetwork.com/searchresults?author=Cynthia+L.+Ogden&q=Cynthia+L.+Ogden
https://www.ncbi.nlm.nih.gov/pubmed/?term=Curtin%20LR%5BAuthor%5D&cauthor=true&cauthor_uid=20071471
https://www.ncbi.nlm.nih.gov/pubmed/?term=Curtin%20LR%5BAuthor%5D&cauthor=true&cauthor_uid=20071471
http://www.ncbi.nlm.nih.gov/pubmed/9453122
http://www.ncbi.nlm.nih.gov/pubmed/9453122
http://www.ncbi.nlm.nih.gov/pubmed/9453122
http://www.ncbi.nlm.nih.gov/pubmed/9453122
http://www.ncbi.nlm.nih.gov/pubmed/9453122
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amitani%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24158035
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fran%C3%A7ois%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24158035
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tennoune%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24158035
https://www.ncbi.nlm.nih.gov/pubmed/?term=Co%C3%ABffier%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24158035
https://www.ncbi.nlm.nih.gov/pubmed/?term=Claeyssens%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24158035
https://www.ncbi.nlm.nih.gov/pubmed/?term=do%20Rego%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=24158035
https://www.ncbi.nlm.nih.gov/pubmed/?term=D%C3%A9chelotte%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24158035
https://www.ncbi.nlm.nih.gov/pubmed/?term=Inui%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24158035
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fetissov%20SO%5BAuthor%5D&cauthor=true&cauthor_uid=24158035

Int. J. Sci. Res. in Biological Sciences

[25] J.S. Zakhari, E.P. Zorrilla, B. Zhou, A.V. Mayorov, K.D. Janda,
"Oligoclonal antibody targeting ghrelin increases energy
expenditure and reduces food intake in fasted mice", Mol Pharm,
Vol.9, Issue.2, pp.281-289, 2012.

[26] P.T. Pfluger, H. Kirchner, S. Gilinnel , B. Schrott, D. Perez-Tilve
, S. Fu, S.C Benoit, T. Horvath, H.G. Joost , K.E. Wortley , M.W.
Sleeman , M.H. Tschop, "Simultaneous deletion of ghrelin and its
receptor increases motor activity and energy expenditure”, Am J
Physio Gastrointest Liver Physiol, Vol.294, pp.G610 — G618,
2008.

[27] AM. Abdou, M.M.E. Ahmed, Y. Yamashita, M. Kim,
"Immunoglobulin: A Natural Way to Suppress Helicobacter pylori
in Humans", Health, Vol.6, pp.781-791, 2014.

[28] V. Snow, P. Barry, N. Fitterman, A. Qaseem, K. Weiss, "Clinical
efficacy assessment subcommittee of the American College of
Physicians. Pharmacologic and surgical management of obesity in
primary care: a clinical practice guideline from the American
College of Physicians", Ann Intern Med, Vol.142, pp. 525-531,
2005.

[29] T. Azegami, Y. Yuki, S. Sawada, M. Mejima, K. Ishige, K.
Akiyoshi, H. Itoh, H. Kiyono, "Nanogel-based nasal ghrelin
vaccine prevents obesity", Mucosal Immunology, Vol.10, Issue.5,
pp. 1351-1360, 2017.

[30] J.D. Roth, J.L. Trevaskis, V.F. Turek, D.G. Parkes, " Weighing in’
on synergy: preclinical research on neurohumoral anti- obesity
combinations”, Brain Res, Vol.1350, pp.86 - 94, 2010.

[31] A.M. Wren, , CJ. Small, C.R. Abbott, W.S. Dhillo, L.J. Seal,
M.A. Cohen, R.L. Batterham, S. Taheri, S.A. Stanley, M.A.
Ghatei, S.R. Bloom, "Ghrelin causes hyperphagia and obesity in
rats”, Diabetes, Vol. 50, Issue.11, pp.2540-2547, 2001.

© 2019, IJSRBS All Rights Reserved

Vol. 6(6), Dec 2019, ISSN: 2347-7520

AUTHORS PROFILE

Dr. Manal M. E. Ahmed is
Immunologist, Researcher, Columnist,
Author, Reviewer, Public  Speaker,

Consultant and Principal Investigator of
one of the national challenge projects in
Egypt. She studied at Cairo University
where she successfully completed B.Sc.,
M.Sc. and Ph.D. in microbiology and
immunology. She also studied business
administration at Ain Shams University gl
where she successfully completed MBA. Currently, working
researcher at the Department of Pharmacology, Medical Research
Division, National Research Centre, Egypt. She worked over
almost 25 years in the field of preparation of vaccines,
immunoglobulin Y, polyclonal antibodies, and monoclonal
antibodies as immunological tools for pharmaceutical and
diagnostic industries. She has been awarded two patents from the
academy of scientific research, Egypt. She published different
scientific researches and articles in the scope of her work. She also
interested in providing social awareness for her community
through the multimedia activities. She is the principal investigator
of one of the national challenge projects of her country. She was
actively participated in many scientific national and international
seminars, workshops and conferences. Her main interest is the
employ of Immunology in innovating novel biological products
that have pharmaceutical and diagnostic applications.

88


https://www.ncbi.nlm.nih.gov/pubmed/?term=Kirchner%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18048479
https://www.ncbi.nlm.nih.gov/pubmed/?term=G%C3%BCnnel%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18048479
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schrott%20B%5BAuthor%5D&cauthor=true&cauthor_uid=18048479
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perez-Tilve%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18048479
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perez-Tilve%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18048479
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18048479
https://www.ncbi.nlm.nih.gov/pubmed/?term=Benoit%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=18048479
https://www.ncbi.nlm.nih.gov/pubmed/?term=Horvath%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18048479
https://www.ncbi.nlm.nih.gov/pubmed/?term=Joost%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=18048479
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wortley%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=18048479
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sleeman%20MW%5BAuthor%5D&cauthor=true&cauthor_uid=18048479
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsch%C3%B6p%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=18048479

