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Summary
This project is aimed to study the inhibition effect of wheat germ
extract on some microorganisms, cancer cell line, and atopic dermatitis

(eczema).

The quantitative and qualitative detections of methanolic extract
and methanol chloroform method extract by using gas chromatography—
mass spectrometry (GC-MS) technique were achieved to detect the active
groups. Results showed the presence each of linoleic acid (with an
percentage of 40%), oleic acid and octadecanoice acid, hexadecanoic acid
which might play very important role in all bioactivity evaluations in this

project.

The antimicrobial effect of wheat germ extracts (methanol and
chloroform methanol) were tested on twelve strains of Gram positive and
Gram negative bacteria strains in addition of two fungal strains to find the
suitable minimum inhibitory concentration (MIC) the extracts were active
and had an antimicrobial activity on almost strains tested MIC ranged
between 2.5 to 0.165 mg/ml.The cytotoxicity activity effect of crude
extract on cancer human Leukemia cell line (K562), breast cancer cell
line (MCF-7) and on normal cell line (Fibroblast).

Results was recorded that a significant cytotoxic activity of the
extracts in cell lines during the 72 hr. exposure time at concentrations of
(900 , 450, 225 and 112.2) pg/ml as compared to normal cell line
fibroblast.

A formula of ointment from wheat germ extracts were prepared
and tested topically as a cure treatment for mice with atopic dermatitis

(eczema). Both extracts formula; 20% and extract alone proved curing



remarks 0.62 and 0.21 IgE, respectively when compared with beta-
methasone 0.05% 0.21 IgE ,after 48 hour .
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Chapter one introduction and literature review

1 Introduction and literature review

1.1 Introduction

Natural products are the single most productive source of
leads for the development of drugs. Over a 100 new products are
in clinical development, particularly as anti-cancer agents and
anti-infective (Alan, 2008). Natural products are the source of
most of the active ingredients of medicines. This is widely
accepted to be true when applied to drug discovery in ‘olden
times’ before the advent of high-throughput screening and the
post-genomic era: more than 80% of drug substances were natural

products or inspired by a natural compound (Sneader, 1996).

The development of bacterial resistance to presently
available antibiotics has necessitated the need to search for new
antibacterial agents. Gram  positive  bacteria  such  as
Staphylococcus aureus is mainly responsible for post-operative
wound infections, toxic ~ shock  syndrome, endocarditis,
osteomyelitis and food poisoning (Benayache et al.,, 2001). Gram
negative bacterium such as Escherichia coli is present in the
human intestine and causes lower wurinary tract infection,
coleocystis or septicaemia (Benjilali et al., 1986; Benhassaini et
al., 2003). Different antibiotics exercise their inhibitory activity on
different pathogenic organisms (Chanda and Rakholiya, 2011).
Multiple drug resistance in human pathogenic microorganisms has
been developed due to indiscriminate use of commercial
antimicrobial drugs commonly used in the treatment of infectious
diseases. = The  development of antibiotic  resistance is

multifactorial, including the specific nature of the relationship of
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bacteria to antibiotics, the wusage of antibacterial agent, host
characteristics and environmental factors. This situation has
forced scientists to search for new antimicrobial substances from
various sources as novel antimicrobial chemotherapeutic agents,
but the production cost of synthetic drugs is high and they produce
adverse effects compared to plant derived drugs (Abiramasundari
etal., 2011).

Cancer is 1 of the major health problems (Jemal et al,
2004). During the past two decades, the paradigm for cancer
treatment has evolved from relatively nonspecific cytotoxic agents
to selective, mechanism-based therapeutics. Cancer
chemotherapies were initially identified through screens for
compounds that killed rapidly-dividing cells. These drugs remain
the backbone of current treatment, but they are limited by a
narrow therapeutic index. Significant toxicities and frequently
acquired resistance. Now, an improved understanding of cancer
photogenes has given rise to new treatment options, including
targeted agent's and cancer immunotherapy (Ahmedin et al,
2007).

Atopic dermatitis, also known as atopic eczema or eczema
(Williams, 2009) is a type ofdermatitis, an inflammatory,
relapsing, non-contagious and itchy skin disorder (Bendetto et al
,.2009) Atopic dermatitis is a chronic, highly pruritic (itchy)
inflammatory skin disease, and is one of the most common skin
disorders in children (Krakowski et al.,, 2008). The disorder
results in significant morbidity and adversely affect quality of
life (McKenna et al., 2008),not only are patients affected by the
social stigma of a visible skin condition, but the intense itching
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characteristic of the disease often leads to significant sleep
disturbances. In  addition, management of the condition
necessitates the frequent application of emollients (agents that
soothe, moisturize and soften the skin) and topical medications, as
well as physician visits. Evidence suggests that Atopic dermatitis
IS a cutaneous manifestation of a systemic disorder that also gives
rise to other atopic conditions. In fact, Atopic dermatitis is often
the initial step in the ‘“‘atopic march” (the sequential development
of allergic disease manifestations during early childhood), which
leads to asthma and/or allergic rhinitis in the majority of afflicted
patients (Jayasuriya, 1990) There is no known cure for atopic
dermatitis, although treatments may reduce the severity and

frequency of flares (Berke , 2012) .

The wheat germ contains riboflavin, thiamine, vitamin E
and trace minerals such as zinc (Kumar et al .,2001), copper, iron
and magnesium (Ranum and Wesley, 2003). Wheat is the best
nourishing food that can be easily given to patients and even
babies.Wheat has anti-bilious, anti hydrotic, and the antipyretic
activity of wheat germ , anti-vinous, sedative, and skin and
stomachic properties. Wheat germ oil is a highly rich unrefined
oil, the richest sources of vitamin E, A and D (Kumar et al.,
2011).
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Aim of the study
This study was aimed to investigating

1. Chemical analysis of the wheat germ extract using GC-MS method
for both chloroform —methanol, and methanol extract and find the
most efficient extract.

2. The anti-microbial activity of wheat germ extracts, on some strains
of bacteria and yeast.

3. Studying the anti-cancer activity of the wheat germ extract on the
human chronic myelogenous leukemia cell-line (k562) and human
breast cancer cell-line MCF-7.

4. Studying the effect of the wheat germ extracts on the atopic
dermatitis (eczema) and compare it with chemical drugs in the

market used as a treatment.
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1.2 Literature review
1.2.1 Wheat

Wheat, a cereal plant of the genus Triticum of the family
Gramineae, is a major food and an important commodity in the
world grain market. It is ranked third in total world production of
cereal crops behind coarse grain and maize (Gillin, 2006). It was
one of the first grains domesticated by humans (Harlan, 1981).
Modern wheat could be classified as soft or hard by gluten
content. Flour from hard wheat contains a high percentage of
gluten and is used to make bread and fine cakes. The hardest-
kernelled wheat is durum (T. durum) its flour is used in the
manufacture of macaroni, spaghetti, and other pasta products. Soft
wheat (e.g. T. aestivum var. Rosella) has a high starchy kernel but
relatively low gluten level; its flour is preferred for piecrust,
biscuits and breakfast foods (Dondlinger, 1908).

The health benefits provided by food products have become
a critical marketing tool, primarily because of increasing
consumer awareness of the role of food in health promotion and
disease prevention. Many epidemiological studies have been
carried out on consuming whole wheat. These studies have
indicated that whole wheat foods could reduce the risk of cancers
(Ferguson and Harris1999; Haggans et al.,2000), diabetes
(Hallfrisch et al, 2000; Venn et al., 2004) and coronary heart
disease (Anderson et al.,2000; ;Truswell,2002). Whole wheat is
the intact wheat grain that retains the bran and germ as well as the
endosperm. In contrast, refined grains retain only the endosperm.
Modern milling of wheat can efficiently separate the bran and

germ from the starchy endosperm, which is milled to produce a
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finely ground white flour. Whole wheat provides a wide range of
nutrients and phytochemicals that optimize health and may have
protective effects against cancers, diabetes and coronary heart
disease. Components in whole wheat associated with improved
health  status include lignans, tocotrienols and phenolic
compounds, as well as anti-nutrients such as phytic acid and
tannins (Slavin, 2003). These components were found to be
concentrated in the wheat bran (Bartnik and Jakubczyk
1989).Whole wheat grain consists of the pericarp, the seed coat,
the endosperm and germ or embryo (Ferguson and Harris, 1999)
(Figure 1.1). Botanically, the term “wheat bran” refers to the outer
layers of the wheat grain comprising the aleurone, pericarp and
seed coat (Slavin, 2001). In industry, wheat bran is the main by-
product of wheat grain milling and grinding and has long been
used as a component of various animal feeds. In the last 50 years,
there has been greater awareness of the biological activities
associated with wheat bran in the prevention of diseases and

promoting health for humans.

(ay
pericarp

seeaed coat
aleurone

[S=})

starchy
endospaerm

Figure 1.1. Structure of wheat grain and wheat bran.

(a) Longitudinal section of the bran layers of a wheat grain showing the different cell
types. (b) Longitudinal section through a wheat grain: the rectangle indicates the
location of the section shown in (a)( (Ferguson and Harris, 1999).

6
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1.2.2 Wheat health benefits

The phytochemicals present in grains are believed to protect
against some types of cancer, cardiovascular disease, diabetes and
obesity (Slavin, 2003; Jones et al., 2004). Whole grains are even
postulated to deliver more phytochemicals and antioxidants than
many of the fruits and vegetables (Jones et al., 2004). These
health benefits are achieved through multifactorial physiological
mechanisms  including  antioxidant  activity, = mediation  of
hormones, enhancement of the immune system and facilitation of
substance transit through the digestive tract, butyric acid
production in the colon, and absorption and/or dilution of
substances in the gut (Adom et al., 2005).

1.2.3 Composition of a wheat seed

Because wheat has become a staple source of protein and calories
for both animals and humans, the chemistry of the wheat plant has been
known since the early1900s (Osborne and Harris, 1906).

The wheat kernel or seed is structured to provide the
maximum amount of nutrition and Protection to the embryo
(germ). In order to pass along Genetic material, germination must
occur and the wheat plant must ensure the seed is equipped with
sufficient nutrition to support, growth. The food reserves for the
embryo are located in the endosperm and Consist primarily of
starch (20-30% amylose and 70- 80% amylopectin) and proteins
(12%) (Srivastava, 2002), whereas the embryo itself makes Up
approximately 3% of the entire grain and consists of concentrated
nutrient sources with approximate ratios of 28% protein, 12%
lipid, 30% Starch, and 24% fiber (Hernot et al., 2008). Since the

agricultural revolution, humans have come to rely on the
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concentrated food reserves stored in seed endosperms. Wheat,
rice, and maize seeds supply approximately 50 % of all food
Calories consumed by humans (Biodiversity International, 2008).
To enhance the calories available for exploitation, seed sizes have
been dramatically increased beyond their wild-type size through
selective Breeding techniques (Srivastava, 2002). Because the
proteins in seeds are synthesized for wuse specifically by the
developing embryo, the Composition is unique from those
proteins found in the vegetative parts of the plant. Seed proteins
are contained in a membrane-bound protein storage vacuoles and
are classified, based on their solubility, into four groups
(Srivastava, 2002):

a. Albumins: soluble in water or dilute buffers at neutral pH
b. Globulins (legumins and vicilins): soluble in salt solutions
c. Prolamins: soluble in alcohols (70-90% solution)

d. Glutelins: soluble in dilute acids or alkalis .

As early as 1906, scientists had characterized the proteins of the
wheat Kernel and diagrammed their location. Of significance, gliadin and
glutenin, a prolamin and a glutelin, respectively, were identified as the
primary proteins present in the endosperm, whereas globulin and albumin
proteins appeared to be contained solely within the embryo (Osborne &
Harris, 1906). In the Production of white flour, the starches and proteins
of the endosperm are separated from the germ and bran and pulverized
into a fine powder. Gliadin comprises the majority of protein in the
endosperm and due to its dense interchain disulfide bonds, has the unique
ability to form gluten upon the addition of water—a coherent, elastic
mass that remains after the starch and water soluble proteins have been

eliminated (Srivastava, 2002). A staple for the baking industry, the

8
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composition of flours are also important for health reasons. Increasingly,
gluten-free products are Requested in an attempt to avoid the gliadin
fraction, the protein Responsible for symptoms associated with celiac
disease (Drago et al., 2006). On average, the protein composition of
typical Flours appears to be 10%:40%:48% albumin/globulin:
gliadin:glutenin  (DuPont et al.,, 2005). Additionally, the soil
characteristics affect the final nutrient composition of the wheat prior to
milling. The availability of nitrogen and sulfur during seed filling for
instance, might favor starch or oil deposition over Proteins affecting the

final nutrient profile of the wheat Seed (Srivastava, 2002).

1.2.4 Wheat germ

Wheat germ is a by-product of the wheat milling industry,
germ constitutes about 2-3% of the wheat grain and can be
separated in a fairly pure form from the grain during the milling
process (Krings et al, 2001). Wheat germ contains about 11% oil
(Dunford et al., 2003), wheat germ oil is used in products such as
foods, biological insect control agents, pharmaceuticals and
cosmetic formulations (Kahlonet, 1989). Polyunsaturated fatty
acids and bioactive compounds are prone to oxidation and
degradation under the conditions used for conventional edible oil
extraction and refining methods (Krings et al., 2000) ,the germ
contains riboflavin, thiamine, vitamin E and trace minerals Such
as zinc, copper, iron and magnesium (Kumar et al., 2011).

Wheat is the best nourishing food that can be easily given to patients and
even babies (Kumar et al., 2011) , a 2008 study in rats showed that rats
given wheat germ had significantly higher protective levels of vitamin E

in their blood and liver, conferring greater anti-oxidant protection

9
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(Leenhardt et al ., 2008). Other studies showed a decrease in recurrence
of melanoma (a Very difficult to treat form of skin cancer) in patients
who were using Chemotherapy, and helped raise white counts and lower
fevers in kids Undergoing chemotherapy (Garami et al., 2004). A study
suggested that the fermented wheat germ was able to reduce oxidative
stress in patients with head and neck cancers, and improve these patients’
quality of life (Sukkar et al ., 2008 ).

Wheat germ is sodium and cholesterol free, and dense in nutrients.
It is rich in vitamin E, magnesium, pantothenic acid, phosphorus, thiamin,
niacin and zinc. It is also a source of coenzyme Q10 (ubiquinone) and
PABA (para-amino benzoic acid), (Shewry, 2009).

Wheat germ is also high in fiber, and contains approximately 1
gram of fiber per tablespoon. A diet high in fiber can be useful in
regulating bowel function (i.e. reducing constipation), and may be
recommended for patients at risk for colon disease, heart disease, and
diabetes. Wheat germ and wheat bran can be a good source of dietary
fiber helping in the prevention and treatment of some digestive disorders
(Simmonds, 1989). The antioxidant activity and phytochemical content
were studied in milled grain of eleven varieties which included a range of
red and white wheat and durum wheat. Whole-wheat bread is good for
health. There is no doubt that the adaptability and high yields of wheat
have contributed to its success, but these alone are not sufficient to
account for its current dominance over much of the temperate world.
1.2.5 Chemical composition of wheat germ

Fats and oils play an important role in the food industry and are
essential part of human nutrition. Oils provide fat-soluble vitamins such
as vitamins A, D, E, and K, and are also source of essential unsaturated
fatty acids, which cannot be synthesized by the human body. In order to
meet nutritional requirements, new vegetable oil resources are being

10
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sought as sources of these vitamins and essential fatty acids (Piras et al.,
2009).

Wheat germ oil has the highest tocopherol content of all vegetable
oils, up to about 2,500 mg/kg, and also the highest content of a-
tocopherol, which represents around 60% of the total content (Shuler,
1990). Both of which are of great importance in human metabolism and
cannot be synthesized by the organism. They are precursors of a group of
hormones called prostaglandins, which play an important role in muscle
contractions and in the proper healing of inflammatory processes
(Coultate, 1989). Furthermore, linoleic acid helps to eliminate cholesterol
and is a precursor of cell membrane phospholipids (Salinas, 1993).

Solvent extraction is a common method of extraction of oils from
vegetable matter. The study of the best method of extraction for the
wheat germ they found that methanol extraction is reported that the yield
of oil is much higher than other extraction methods and the yield of a-
tocopherol extracted by the methanol chloroform extraction were much
higher than those prepared by chloroform/methanol extraction (Figure
1.2). However, the olution of chloroform/methanol showed a stronger

solvent power to extract o -tocopherol form wheat (Piras et al , 2009).

Chioroform-Methanol

Methanal

Hexa

SFE 300

Extraction method

SFE 250

SFE 200

0 2 4 G 8 10 12

Figure 1.2: Effect of extraction method on the yield of wheat germ oil
(Piras et al., 2009).

11
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1.2.6.1 a-Tocopherol
1.3.6 Tocopherols

Is a form ofvitamin Ethat is preferentially absorbed and
accumulated in humans (Rigotti, 2007), there are three stereo centers in
alpha-tocopherol, so this is achiral molecule (Jensen and Lauridsen,
2007).

Wheat germ oil include a plenty of vitamin E which is a natural,
highly tolerable and cost effective molecule. This generic term is used for
tocopherol and tocotrienols consisting of two rings with a hydrocarbon
chain.Both structures are similar, although the tocotrienol structure has
double bonds on the isoprenoid units. Natural vitamin Es are known as a,
B, v, and 6 according to the methyl or proton groups that are bound to
their benzene rings, and the most common and biologically active form is
alpha-tocopherol (Brigelius and Traber, 1999) when produced
synthetically, it is composed of eight stereocisomers in which RRR-a-
tocopherol is the most biologically active form (Helzlsouer et al., 2000).

Beyond the nonspecific antioxidant effect: Specific effects of
vitamin E, which includes gene regulation, have been revealed, and non-
antioxidant properties of tocopherols are topics of interest (Azzi and
Stocker, 2000). In many in vivo and in vitro studies, the anti-proliferative
effect vitamin E has been shown (Tran et al., 1990; Traber MG et al.,
1995). Protein kinase C (PKC) is one of the pathways used by a-
tocopherol (Boscoboinik et al., 1991). Sharma with his group reported
that tocopherolinhibits not only free radical formation but also tyrosine
Kinase activity in Tissue Plasminogen Activator (TPA)-induced primary
human fibroblasts or HL-60 cells. Results of many published in vivo and

in vitro collaborative studies illuminate the anti-proliferative effect of a-
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tocopherol via the PKC pathway in the vascular smooth muscle cell
model (Sharma et al ., 1994).

1.2.6.2 Linoleic acid

Wheat germ is rich in Linoleic acid, an omega-6 fatty acid
(Janet, 2012). The body uses linoleic acid to produce gamma
linoleic  acid, via conversion exhibits  anti-inflammatory,
antithrombotic, anti-proliferative, and lipid-lowering potential. It
also enhances smooth muscle relaxation and vasodilation. Gama
linoleic acid has been promoted as medication for a variety of
ailments including breast pain and eczema, in particular by David
Horrobin (1939 — 2003), whose marketing of evening primrose oil
was described by the British Medical Journalas ethically
dubious — the substance was likely to be remembered as "a
remedy for which there is no disease”,In 2002 the
UK's Medicines and Healthcare products (Richmond, 2003).

Regulatory Agency withdrew marketing authorisations for
evening primrose oil as an eczema remedy (Williams,
2003). The British Medical Journal commented in 2003 that it had
taken 20 years to demonstrate that the substance was of no use in
atopic dermatitis, and called for more transparency in the research

on which drug licensing decisions were taken (Smith, 2003).

Gama linoleic acid is also sometimes promoted as an anti-
cancer agent. According to the American Cancer Society there is
very little evidence for its effectiveness, and "neither gamma
linoleic acid nor other gamma linoleic acid -rich supplements
(such as evening primrose oil) have been convincingly shown to
be useful in preventing or treating any other health conditions

(American Cancer Society, 2013), Alterations in linoleic acid
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metabolism have been demonstrated in atopic conditions such as

eczema (Melnik and Plewig, 1989).

Conversion of linoleic acid to gamma linoleic acid is inhibited in
individuals with atopic dermatitis. During the past two decades several
studies have reported mixed results on the use of gamma linoleic acid -
containing oils, particularly Erythropoietin, for atopic (Andreassi, 1997)
(Henz et al., 1999), these studies reveal subtle improvements, such as
decreased inflammation and itching; however, overall numbers failed to

reveal significant change.

In a multicenter trial, 179 patients with atopic dermatitis were
treated with 4 g erythropoietin daily. After 12 weeks, 62 percent of
patients demonstrated a significant clinical response based on a
standardized clinical assessment form (Steward et al., 1991). Wright and
Burton treated 60 adults and 39 children with atopic eczema with
erythropoietin or placebo for 12 weeks,27 adults received either 1.44 g
erythropoietin (180 mg gamma linoleic acid) or two times or four times
that dose. Children received either 0.72 g erythropoietin (90 mg gamma
linoleic acid) or two times that dose. A moderate improvement in clinical
signs, including itching, followed supplementation, particularly at the
highest doses of erythropoietin most recently a double-blind, randomized,
placebo-controlled trial was conducted on 118 formula- fed infants who
were at high familial risk of developing atopic dermatitis.( Van Gool et al
., 2003). Infants with a maternal history of atopic disease received a
borage oil supplement (100 mg gamma linoleic acid ) or placebo
(sunflower oil) daily for the first six months of life. Outcome was based
on incidence and severity of atopic dermatitis as well as total serum
immunoglobulin E (IgE). Clinically, severity of atopic dermatitis was

decreased favorably in the borage-oil group, although atopy was still
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present. Additionally, gamma linoleic acid had no effect on IgE levels
during the first year (Bakshi et al., 2003)

1.2.6.3 Oleic acid

Epidemiological  studies have  suggested a  positive
association between the total fat intake and the risk of cancer,
particularly breast, colorectal and prostate cancers (Zock, 2001).
Carcinogenesis models have also provided evidence for a lipid
specific action beyond their caloric supply, thus suggesting that
the type of fat and its wunique composition are of greater
importance than overall fat intake (Wiseman ,2008), (Kushi and
Giovannucci, 2002).

Whereas a high intake of n-6 polyunsaturated fatty acids
(PUFA) has tumor-enhancing effects, n-3 PUFA have inhibitory
effects. However, there are few experimental studies addressing
the role of monounsaturated fatty acids of the n-9 family, such as
oleic acid, on cancer, if compared to the investigations about the
role of other dietary lipids. Oleic acid has attracted much
attention, especially in the last few years, as the ‘“Mediterranean
diet”, characterized by a high olive oil (rich in oleic acid)
consumption, has been traditionally linked to a protective effect
against cancer. A wide range of studies have been conducted into
breast cancer, where a potential protective effect of olive oil and
oleic acid has been described. In addition, epidemiological studies
suggest that olive oil may have a protective effect on colorectal
cancer development. Some animal studies have also shown that
dietary olive oil prevented the development of colon carcinomas
In rats, corroborating that olive oil may have chemo preventive

properties against colon carcinogenesis (Bartsch et al ., 2002).
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Finally, a novel approach to chemotherapy has the potential to
yield novel dietary-drug combinations that can provide additive or
even synergistic protection against the progression of cancer and it
Is especially relevant when the etiology of disease development
has varied mechanistic routes. With regard to this novel approach,
oleic acid has been reported to act synergistically with cytotoxic
drugs, thus enhancing their antitumor effect, Thus, both
epidemiological and animal studies have reported a protective role
of oleic acid in several cancers. However, the mechanisms behind
the antitumor effect of such a fatty acid are not well understood.

One of oleic acid uses as as emollient (Carrasco, 2009).

1.3 Anti-microbial activity of wheat

The first antibacterial peptide isolated from a plant species
was a purothionin from wheat flour (Triticum aestivum), which
has the ability to inhibit the growth of some phytopathogens such
as PseudomonasSolanacearum, Xanthomonas
campestris and Corynebacterium  michiganense (Fernandez et al.,
1972). Almost 40 vyears later, several additional peptides with
antibacterial activity have been characterized, represented not
only by thionins, now named defensins, but also by other groups
of proteins such as cyclotides, glycine-rich proteins, snakins, 2S
albumins, and hevein-type proteins (Claudeand Selitrennikoff
2001; Daly et al.,, 1999). Peptides have been isolated from roots,
seeds, flowers, stems, and leaves and have demonstrated activities
towards phytopathogens, as well as against bacteria pathogenic to
humans (Pelegrini et al.,, 2005). Over the vyears, antibacterial
peptides have become an interesting tool for the development of
new techniques in the control of crop losses and in the production
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of novel antibiotics for the treatment of diverse human infections
(Belk et al., 1999; Pelegrini et al., 2008).

However, there is still little information about how these
peptides affect the pathogen to cause cell death or growth
inhibition. The fact that only a few peptide structures have been
studied makes it more difficult to clarify the mechanism of action
used to cause damage in bacterial cells (Saether et al., 1995; Daly
et al, 1999). Furthermore, it is not clear whether plant
antibacterial peptides from different protein families present
similar sequences, structures, and modes of action, or whether
each group behaves in a different manner.

Accordingly, the study intends to explain some of these
features of antibacterial peptides from plant sources. Herein,
biochemical and structural properties of several peptides from
different protein groups demonstrating antibacterial activity are
described. Three-dimensional structures already obtained for plant
antibacterial ~ peptides are evaluated, and some  possible
mechanisms of action including cell membrane disruption, growth
inhibition, and death are also proposed. Finally, the similarities
among many antibacterial peptides are compared, and their most

conserved attributes are evaluated (Hancock and Sahl, 2006).

Until now, there have Dbeen few reports about the
mechanism of action of plant antibacterial peptides. However,
these molecules have some important features responsible for
antimicrobial activity, including their amphipathic structures and
cationic charge at physiological pH (Epand and Vogel, 1999;
Yeamn and Yount, 2003). The main hypothesis for their

mechanism of action involves the ability of amphipathic alpha-
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helical antimicrobial (AMPs) peptides to cause membrane
collapse Dby interacting with lipid molecules on the bacterial cell
surface .According to this hypothesis, the cationic peptides are
attracted electrostatically to negatively charged molecules such as
anionic phospholipids, lipopolysaccharides (LPS) (Gram-
negative) and teichoic acid (Gram-positive), which are located

asymmetrically in the membrane architecture.

The positively charged residues can also interact with
membrane lipids through specific receptors at the surface of the
cell (consequently, peptide binding to the membrane can activate
several pathways that will cause cell death (Sitaram and Nagaraj,
1999).

However, one general mechanism of action for antibacterial
peptides is observed for most peptides. When they reach a
threshold concentration, cationic peptides accumulate on the
membrane surface in order to direct inner targets for cell lyses.
Intrinsic and extrinsic parameters have been reported to influence
the threshold peptide concentration. Intrinsic factors include the
ability of the peptides to self-assemble and oligomerize, while
extrinsic determinants include phospholipid membrane
composition, membrane fluidity and head group size; these factors
all influence membrane potential, which is critical for determining
the threshold peptide concentration (Shai ,2002).

The following three processes of pore formation have been
reported for plant antibacterial  peptides: the barrel-stave
mechanism, the toroid pore or wormhole mechanism and the

carpet mechanism (Padovan et al., 2010). The barrel-stave
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mechanism consists of peptide aggregates forming a barrel-ring
around an aqueous pore. Peptides interact with the membrane,
forcing one thin and hydrophobic portion to bind the phospholipid
acyl-chains. After reaching threshold concentration, peptides from
the barrel-ring open a pore in the membrane. Their hydrophilic
portions comprise the core of the barrel, while the hydrophobic
portion interacts with bacterial membrane phospholipids (Shali,
2002).

1.4 Wheat germ anti-cancer activity

Fermented wheat germ is the fermented wheat germ extract
iIs produced from wheat germs of the genus Triticum vulgaris, the
active ingredient in fermented wheat germ extract is not yet
known, It has been claimed that orally used fermented wheat germ
extract offers beneficial effects for cancer patients during
chemoand / or radiotherapy. The evidence from clinical trials to
support claims of efficacy is weak. The oral intake of fermented
wheat germ seems to cause no harm. Fermented wheat germ is
often falsely advertised as a cure for cancer, as some believe,
studies have shown that is has cured cancer in some cases (Boros
etal., 2001).

Fermented wheat germ extract (wheat germ extract) was
developed in the 1990s by Hungarian chemist Mate Hidvegi. It
should not be confused with wheat germ oil. WGE is used as a
dietary supplement by cancer patients in Hungary to improve
quality of life.

Results from in vitro studies show that WGE has anticancer
(Saiko et al.,, 2007), anti-metastatic (Hidvegi et al., 1998), and
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immune modulatory effects (Jakab, et al; 2003; Taube et al.,
2008) . Although it appears to increase estrogen receptor (ER)
activity, wheat germ extract enhanced efficacy of tamoxifen, an
ER antagonist, in ER+ breast cancer cells (Marcsek et al; 2004) as
well as cisplatin in ovarian cancer cell lines Judson et al; 2012).
Animal models suggest wheat germ extract can reduce
cardiovascular symptoms due to chronic hypertension, diabetes,
and obesity (lyer et al; 2011), mitigate symptoms associated with
lupus (EhrenfeldM et al; 2001), and that its antitumor effect is

comparable to other endocrine treatments (Tejeda et al; 2007).

Data from pilot studies indicate a beneficial role for wheat
germ extract in patients with colorectal cancer (Jakab et al.,,
2003) and in reducing treatment-associated febrile neutropenia in
pediatric cancer patients (Garami et al.,, 2004),It also prolonged
survival of  patients with melanoma when used with
chemotherapy . However, these effects must be confirmed by
large-scale, well-designed clinical trials (Telekes et al., 2005;
Demidov et al., 2008).

Because it potentiates estrogen receptor activity, patients
with hormone-sensitive cancers should use wheat germ extract

with caution (Garami et al., 2004).

1.4.1 Mechanism of Action

Benzoquinone compounds are thought to be the active components
of wheat germ extract (Judson et al; 2012). In vitro, wheat germ extract
attenuates cell cycle progression from G2-M to GO-G1 phase, reduces

ribonucleotide reductase activity (Saiko et al; 2007), and stimulates
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immune function via increased natural killer (NK) cell activity and
intercellular adhesion molecule 1 (ICAM-1) expression (Fajka-Boja et
al., 2002). It also increases tumor necrosis factor (TNF) and cytokine
production by activating metabolic pathways involved in tumor cell
death (Telekes et al; 2005). Wheat germ extract demonstrated cytotoxic
effects on human lymphoma cells by inducing apoptosis (Saiko et al;,
2003) and against ovarian cancer cells via poly (ADP-ribose) polymerase
(PARP)-1 and PARP-12 expression (udson et al; 2012). It was also
shown to regulate tumor cell proliferation by inhibiting glycolysis and
pentose cycle enzymes, and induce apoptosis through caspase-3-
mediated PARP cleavage (Judson et al ., 2012).

Their study was done to determine if wheat germ extract
supplementation was beneficial for patients with colorectal
cancer. A total of 66 patients were given wheat germ extract 9g
once daily in addition to anticancer treatments, and 104 patients
received only anticancer treatments. Data analysis revealed that
patients who took wheat germ extract less few disease
progression-related events compared with the control group.
There was also an improvement in OS of patients on wheat germ
extract, but more trials are needed with equal numbers of patients

in the experimental and control groups (Jakab et al .,2003).

1.5 Leukemia

A group of cancers that usually begins in the bone marrow and
results in abnormal blood cellsin high numbers (NCI, 2004). It is
characterized by an increase in immature white blood cells called blasts.
It including: acute  lymphoblastic  leukemia, acute  myeloid

leukemia, chronic lymphocytic leukemia and chronic myeloid
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leukemia among others (Colvin and Elfenbein , 2014) in turn, it is part
of a broader group cancers which affect the blood, bone marrow, and
lymphoid system, known as hematological malignancies, While the exact
cause of leukemia is typically unknown, a combination of environmental
and genetic factors are believed to play a role some risk factors
include: Down syndrome (NCI, 2013).

Leukemia is a treatable disease. This may involve some
combination  of chemotherapy, medical radiation therapy, hormone
treatments, or bone marrow transplant. The rate of cure depends on the
type of leukemia as well as the age of the person. Children are more
likely to be permanently cured than adults. Even when a complete cure is
unlikely, most people with a chronic leukemia and many people with an
acute leukemia can be successfully treated for years. Sometimes,
leukemia is the effect of another cancer, known as blastic leukemia,
which usually involves the same treatment, although it is usually
unsuccessful. Outcomes have improved in the developed world due to
treatment , in 2012 leukemia developed in 352,000 people and cause
265,000 deaths (WHO, 2014).

About 90% of all leukemias are diagnosed in adults (Hutter,
2010) it occurs more commonly in the developed world (WHO,
2014) .

1.6 Atopic dermatitis

Also known as atopic eczema or eczema is a type of dermatitis,
an inflammatory, relapsing, non-contagious and itchy skin disorder atopic
dermatitis is generally considered idiopathic, that is, without a known
cause (kim, 2012) Although a genetic component is suspected, as is

supported by the finding that many persons with atopic dermatitis have a
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family history of atopy, which are immediate-onset al;lergic reactions
such as asthma, food allergies, atopic dermatts or hay fever(Varothai et
al; 2013) In 2006 it was discovered that mutations in the gene for the
production of filaggrin strongly increased the risk for developing atopic
dermatitis. Most importantly two mutations were found that affect
approximately 5% of people in Western Europe that may disrupt the
production of filaggrin. Filaggrin is a protein that plays an important role
in the retention of water in the stratum corneum. People who have these
mutations often have dermatitis (Yarbrough et al., 2013), Likewise
children with poor hygiene are at a lower risk for developing atopic
dermatitis , as are children who drink unpasteurized milk Exposure to
dust mites are believed to contribute to one's risk of developing atopic
dermatitis (fuino and incrovia, 2012), A diet high in fruits seems to have
a protective effect against atopic dermatitis , whereas the opposite seems
to be true for fast foods(Carsten et al., 2014).

There is no known cure for atopic dermatitis, although treatments
may reduce the severity and frequency of flares (Berke et
al.,2012) applying moisturisers may prevent the skin from drying out and
decrease the need for other medications (Varothai et al., 2013) Affected
persons often report that improvement of skin hydration parallels with

improvement in atopic dermatitis symptoms (Berke et al., 2012).

Additionally topical corticosteroids,
especially hydrocortisone have proven themselves effective in managing
atopic dermatitis  (Berke et al; 2012 ; Kim, 2014) If topical
corticosteroids and moisturisers fail, short-term treatment with
topical calcineurin inhibitors like tacrolimus or pimecrolimus may be
tried, although they are usually avoided as they can cause skin cancer or

lymphoma Alternatively systemic immunosuppressants may be tried
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such as ciclosporin, methotrexate, interferon gamma-1b, mycophenolate
mofetil and azathioprine. (Berke et al; 2013; Yarbrough et al;
2013) Antidepressants and naltrexone may be used to control pruritus
(itchiness) (Kim, 2012). A more novel form of treatment involves
exposure to broad or narrow-band ultraviolet light. UV radiation exposure
has been found to have a localized immune modulatory effect on affected
tissues and may be used to decrease the severity and frequency of flares
(Tintle et al; 2011; Beattie et al; 2005) In particular, Meduri et al;. have
suggested that the usage of UVAL is more effective in treating acute
flares, whereas narrow-band UVB is more effective in long-term
management scenarios (Meduri et al., 2007) However, UV radiation has
also been implicated in various types of skin cancer, and thus UV

treatment is not without risk (Jans et al; 2006).
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Table (1.1): The compounds in wheat germ and there bioactivity.

No

Name of the
compounend

Name

Bioactivity

1 | Hexadecanoic acid,

ethyl ester

palmitic acid

ester

Antioxidant,Hypocholesterolemic
Nematicide, Pesticide,Lubricant,
Antiandrogenic, Flavor, Hemolytic 5-
Alpha reductase inhibitor

219,12-

Octadecadienoic acid
(Z’Z)_

Linoleic acid

Anti-inflammatory
Hypocholesterolemic Cancer
preventive Hepatoprotective
Nematicide Insectifuge,
Antihistaminic Antieczemic Antiacne,
5-Alpha reductase inhibitor
Antiandrogenic Antiarthritic
Anticoronary Insectifuge

3| Vitamin E

Vitamin E

compounds

Antiageing,Analgesic,Antidiabatic,
Antiinflammatory, Antioxidant,
Antidermatitic, Antileukemic,
Antitumor, Anticancer,
Hepatoprotective,
Hypocholesterolemic,Antiulcerogenic,
Vasodilator, Antispasmodic,
Antibronchitic, Anticoronary

Source: Dr.Duke’s: Phytochemical and Ethnobotanical Databases
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2.1 Materials and methods

2.1.1Apparatus and equipment

The following apparatus and equipment were employed in the present

study were listed below:

Table (2.1): Equipment's and their origin.

Apparatus

Company / Origin

Autoclave

HIRAYAMAHV/ Japan

Automatic ELISA test workstation

Crocodile/USA

Animal isolator unit

Transit / England

Auto pipette

LABFREEZ/China

Centrifuge (Portable) Eppendorf / Germany
Corning 24- well Multiwell Plates Sigma
Corning 96-Well Plates Multiwell plates | Sigma

Digital camera

HTC 18 mega /Taiwan

Filter-cap culture flasks

NunClon/ Denmark

GC-MS

WatersMicromass /USA

Incubator

IKS / England

Laminar air flow cabinet

Lambart/ England

Micropipette

Eppendorf

PH meter Veolia /France
Rotary evaporator EV LAB TECH / USA
Spectrophotometer ATI UNICAM /USA

Water Bath shaker

KSR/ South Korea

Whattman filter paper

Sigma
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2.1.2: Chemicals and media used

Table (2.2): Chemicals and Kits used in this study and their suppliers.

Chemical

Company / Origin

Chloroform

Sigma Aldrich /JUSA

Dimethyl sulfoxide (DMSO)
Normal grade

Sigma Aldrich , USA

Dimethyl sulfoxide (DMSO)
Tissue culture grade

Sigma Aldrich USA

Dermatophagoides (house dust mite)

Greer Laboratories/USA

Ethanol Sigma Aldrich /USA
Either Sigma Aldrich /USA
FBS HyClone, USA

Hite Petrolatum 95 % Fougera / USA
HEPES Lonza, USA
Methanol Sigma Aldrich /JUSA
MTT assay Kit Promega, USA

Propylene Glycol (SP Gr = 1.035)

Sigma Aldrich /JUSA

Stearyl Alcohol %

Sigma Aldrich / USA

Sodium Lauryl Sulfate

Sigma Aldrich /JUSA

Typsin

Sigma Aldrich / USA

White Wax 5%

Osmo / USA

Table (2.3): Culture Media

Medium

Company / Origin

Brain heart infusion agar

Bio lab , Hungary

Brain heart infusion broth

Bio lab , Hungary

Dulbecco's Modified Eagle Medium | Gibco® / USA
(DMEM)

Mular Hinton Agar Bio lab / Hungary
Nutrient Agar Bio lab / Hungary

Roswell Park Memorial Institute medium

Gibco® / USA
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Table (2.4): Cell line cultures

Cell line Company / Origin
Fibroblast cells American Tissue Culture
Collection /USA
Leukemia k562 cells American Tissue Culture
Collection /USA
MCF-7 cells American Tissue Culture
Collection /USA

2.1.3 Wheat germ sample collection

Wheat germ was obtained from (Al Doraha Mill Company, Iraq),
and was stored at room temperature (20 — 25 °C) until the time of

extraction.
2.1.4 Bacteria and Yeasts

Bacterial and yeast strains are listed in table (2.5) below , all
strains were obtained from biotechnology and genetic engineering
department Philadelphia university in Jordan, and were maintained on

Brain Heart Infusion (BHI) agar medium at 4 °C.
2.1.4 Culture medium

Types of media were required for carrying out this study, Brain
Heart Infusion broth, nutrient agar, and Mueller-Hinton agar media, all
media, were sterilized by autoclaving at 121 °C (15 Ib/in*2) for 2 hours,
volumetric flasks were used and agar media were left to solidification and
broth media were kept at the cold room at 3 °C till the time of use. This
experiment was carried out at Biotechnology dep.at Philadelphia
University, Jordan.
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Table (2.5): Bacteria and yeast strains (American type culture
collection) /ATTC, USA.

Se. Type of Name of Organism ATCC number
microorganism umeren e Ui sl

1 Staphylococcus aureus ATCC 1927

2 Escherichia coli ATCC 2593

3 Salmonella typhimurium | ATCC 2054

4 Bacillus cereus ATCC 1014

S Klebsiella pneumonia ATCC 1705

6 Staphylococcus ATCC 12228

epidermidis

7 | Bacteria pseudomonas aeruginosa | ATCC 9027

8 Enterococcus faecalis ATCC 29212

9 serratia marcescens ATCC 13880

10 micrococcus luteus ATCC 9341

11 | Yeast candida albicans ATCC 90028

12 | Yeast candida tropicalis ATCC 18754
2.2 Methods

2.2.1 Preparation of plant extracts

Rotary evaporator was used for extraction. Wheat germ samples
(63) g were putt for overnight in a shaking water path at 40 °C, filtered
through Whatman papers 90mm diameter from (sigma Aldrich), then
were placed into the rotary evaporator for 3 hours at 40 C until the
methanol and methanol chloroform was totally evaporated from the
sample, and the extracts were gently putt into flacks and were stored in a

dark at room temperature (Alessandra et al.,2009).
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a. Methanol extract

A portion of 400 ml of methanol (95 % )HPLC grade solution
were added to 63 g of air- dried wheat germ, at room temperature in order

to avoid fatty acids oxidation and physically removed particulates.
b. Chloroform methanol extract

The procedure of 2.2.1.a was used expect methanol: chloroform

(50:50) used in the extraction instead of the methanol alone.
2.2.1.1 Preparation of stock aqueous wheat germ extract

Stock aqueous extract of wheat germ was prepared by mixing 0.1g
of wheat germ with 10 ml of (17.5 ml sterile distilled water, and 2.5 ml of
DiMethyl Sulphoxide DMSO) to obtain 10 mg/ml of stock solution.
Different concentration were prepared from the stock solution and filtered

by 0.22um membrane filters.

2.2.1.2 GC-MS analysis experiment

Samples of wheat germ sent to Millis Scientific, Inc., (Maryland,
United States) for GC-MS analysis. A quantity of 0.4 g of wheat germ
was mixed with 4 ml of methanol-chloroform (1:1), incubated for 24hr. at
30C, supernatant was decanted, centrifuged, evaporated to about %2 of
initial volume in vacuum and used for analysis.Waters/Micromass Quatro
GC mass spectrometer interfaced to a Thermo Electron TraceGC gas
chromatograph was utilized for the analysis the mass spectrometer was
set to scan ions in the 45-350 Da range over 0.5 sec. lon source
temperature was 180°C and that of transfer line was 320°C.

The GC was equipped with a DB-1 30m length, 0.25 mm ID column.

Helium was used a carrier gas with the flow rate of 1 ml/min. The
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injector temperature was 260°C and the split ratio was 10, 1 ul was
injected. The GC oven temperature profile was as follows: Initial
temperature was 100°C, held for 2 min, ramp 10 C/min to reach 320°C,
held for 5 min at this final T.NIST 05 mass spectral library was used to
identify eluting compounds by matching their mass spectra with those
referenced in the database. The database catalogs more than 163.000

electron impact (EI) mass spectra.

2.2.2 Anti-Microbial activity of wheat germ

2.2.2.1 Determination of Minimum Inhibitory
Concentration (MIC) of wheat germ extract

Each of 24 well plates was prepared to contain a giving volume of
a media mixed with the extract due to the law of volumes, ranged from
2.5 to 0.039 mg/ml) were performed, beside the positive control (brain
heart fusion) that contain media and the negative control (DMSO and
media). Swabs of bacteria and fungus were prepared in advance and
grown in broth media vials and number of Bactria was adjusted to
contain approximately 1.5X10"8 CFU/mL, table (2.6) shows the
McFarland standard preparation measured by spectrophotometer , 25 ul
of each Bactria and yeast was taken and cultured on each well . The
tested plates were incubated at 37 c¢ for 18 hr. After 18 the inhibition of
the growth can be detected .MIC was defined as the lowest sample
concentration inhibit the growth (clear) and exhibited complete the
inhibition of the growth (Turnidge et al,. 2003).
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2.2.2.2 Determination of Minimum Bactericidal

Concentration Test

Pure cultures of bacteria were grown in broth media for overnight,
then diluted in the test tubes growth-supporting broth (Muller Hinton
Broth) to a concentration between 1 x 1078 CFU/ml. Each dilution of
the wheat germ extract was inoculated with an equal volume of the
specified bacteria culture. Each tested bacteria was stated with a
concentration of the stock solution of (2.5 mg/ml).The positive and
negative controls were included for every test bacteria to demonstrate
the adequate microbial growth over the course of the incubation
period and medium sterility, respectively. An aliquot of the positive
control was plated and used to establish a baseline concentration of the
bacteria used. The tubes were incubated at 37 C for overnight
(Cushnie et al., 2007).
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Table (2.6): McFarland Nephelometer Standards

McFarland  Standard | 0.5 1 2 3 4
No.

Approx. cell density|1.5 3.0 6.0 9.0 12.0
(1X107"8 CFU/mL)

% Transmittance* 74.3 55.6 35.6 26.4 21.5
Absorbance* 0.132 |0.257 |0.451 |0.582 |0.669

¢ Wave length in spectrophotometer used 625 nn.

2.2.3 Anti-cancer activity of wheat germ extracts
experiment
2.2.3.1 Cell lines

a. Cell line culture for k562 cells myelogenous leukemia

The cells line culture was done at the cancer and stem cells
research center, faculty of medicine, university of Jordan, The cell lines,
originally obtained from the American Type Culture Collection (ATCC,
USA).The K562 cells were maintained as an attached monolayer culture
in the commercially defined RPMI 1640 medium (Gibco, USA),
supplemented with 10% (v/v) heat-inactivated fetal bovine serum (FBS)
(HyClone, USA), 2 mM L-glutamine, 100 U/mL and 100 pg/mL
penicillin—  streptomycin  (HyClone, USA), and 25 uM 4-(2
hydroxyethyl)-1- piperazineethanesulfonic acid (HEPES) (Lonza,
USA),(Hus et al.,2012).
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b. Cell line culture for fibroblast normal cells

The Fibroblast cells culture in the commercially defined DMEM-
high glucose medium (Gibco, USA), supplemented with 10% (v/v) heat-
inactivated fetal bovine serum (FBS) (HyClone, USA), 2 mM L-
glutamine, 100 U/mL and 100 pg/mL penicillin— streptomycin (HyClone,
USA) , The cells were grown on either 25 or 75 cm2 attached types,
filter-cap culture flasks (NunClon, Denmark). The cells were then
incubated at 37 °C in a 90% humidified atmosphere of 5% CO2.

c. Cell line culture for breast cancer (MCF-7)

The procedure of (2.2.3.1.a) was used expect (MCF-7) instead of
(K562) cell line.

2.2.3.2 Methyl thiazolyl tetrazolium (MTT) proliferation

assay for cell validity

The anti-proliferative effects of wheat germ (chloroform\methanol)
and Methanol extract on MCF7 and Fibroblast cells were evaluated using
the Cell Titer Non-Radioactive Cell Proliferation Assay Kit® (Promega,
USA), according to manufacturer's instructions. This assay is a
colorimetric test based on the reduction of 3-(4, 5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide (MTT), a yellow tetrazole, to a purple

formazan, a process that occurs in the mitochondria of viable cells.

The cells were seeded onto 96-well plates (sigma, USA) at a
concentration of 10x10* and 7x10”cells/well and incubated for at least 18
hr. After incubation, dilutions of the drug ranging from 900 pg/ml to 1.8
ug/ml were added (100 pL/well). Each concentration was added in
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triplicates, and every plate contained a control of cells in plain medium.
The cells were then incubated at 37 °C for 72 hr. After incubation, the
media were aspirated from the wells and replaced by fresh media (100
uL/well); 15 uL of the MTT dye solution was added to each well. The
plates were incubated at 37 °C for 4 h, and then 100 pL of
solubilisation/stop solution was added to each well. Optical density (OD)
at 570 nm wavelength was recorded 1h later using a 96-well plate reader ,
K562 cells were seeded onto 96-well plates at a concentration of 4x10"
cells/well were added (50 pL/well). Then 100 puL of solubilisation/stop
solution was added to each well. Optical density (OD) at 570 nm
wavelength was recorded 1h later using a 96-well plate reader (sprangers
et al., 2003).

2.2.3.3 Data analysis

Results of the MTT cell proliferation assay were analyzed using
the GraphPad PRISM®5.0 software (GraphPad Software, Inc.). The
inhibitory concentration (ICs,) values, which are the drug concentration at
which 50% of cells are viable, were calculated from the logarithmic trend

line of the cytotoxicity graphs.
2.2.4 Treatment of atopic dermatitis by wheat germ extracts

2.2.4.1 Laboratory Animals

A total of male 15 BALB/c pathogenic free mice were employed in
this study. They were supplied from (Jovac Vaccines Factory — Jordan).

Their ranged from 2 — 4 months, and their weight between 30-35 grams.

Mice were kept for acclimatization before being used in the
experiment. They were divided individually each mouse was housed in

separated transparent plastic cage with stainless steel cover lid.
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The animals were maintained at a temperature of 20 — 25°C and
they had free excess to food (standard pellets) and water throughout the
experiments which were done in an animal isolator laminar with highly

sterilization conditions.

2.2.4.2 Reagents used for atopic dermatitis induction
a-1soflurane

b-Dermatophagoides farinae extract house dust mite (Der f) it was
purchased from (Greer laboratories, Lenoir, NC) category number
XPB81D3A2.5, (it cause and lead to allergic reactions in the skin
(Barbara 1995), it was used and diluted in phosphate buffer saline.

C- Phosphate buffer saline (PBS) , was prepared by adding 800 mL
of distilled water to dissolve all salts. The pH was adjusted to 7.4 with
HCI. distilled water was added to a total volume of one liter. The
resultant PBS had a final concentration of 10 mM PO,*, 137 mM NaCl,
and 2.7 mM KCI.

2.2.4.3 Wheat germ extract ointment preparation

Formulation of ointment was done by incorporating the active ingredients in
the base by trituration using mortar and pestle. The prepared ointment was
filled in tube and stored at room temperature. The ointment was composed
from the followings

Emulsifyingwax 25¢g
White soft paraffin  30g
Liquid paraffin 25¢

Wheat germ extract 20 g
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Emulsifying wax and liquid paraffin were melted by heat using Bunsen burner
to melt them, white soft paraffin was added melting the tritateded during the
experiment to produce yellow creamy ointment, then 20 g wheat germ extract

were added to the mixture for a final concentration of 20% (w/w).
2.2.4.4 Stages of Inducing Atopic dramatis

Mice were anesthetized with Diethyl ether and was shaved (approximately
a 3 x 3 cm area for application with an electric shaver) at the first day, and
were anesthetize with Diethyl ether for the second day, the shaved back of the
mice was adhered and detached skin with durable cloth tape this were repeated
several times , 1x1 cm square of gauze pad (Johnson and Johnson) on the area
of application were Placed , 10 g of Dermatophagoides farinae in 100ul ,
PBS onto the gauze pad were added the gauze and antigens onto the skin using
a 2 X 2 cm piece of Tegaderm ' Transparent Dressing were Occluded
completely covering the gauze. This prevents loss of the antigens due to
ingestion or rubbing off, the entire system were kept in place using 8 x 2 cm
Flexible Fabric Adhesive Bandages , Tightly wrapped the mouse with a
resulting 8 x 1 cm bandage strip, covering the upper half of the underlying

dressing .
2.2.4.5 Treatment for Atopic dermatitis

a- Mice given wheat germ extract

Wheat germ extract were applied directly on the skin and mice
were not bandaged or not covered during 2 days of the treatment figure
(2.3).
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b- Mice given wheat germ ointment

Ointment with wheat germ extract were applied on broken skin on
the skin.

c- Mice given blank ointment base (negative control)

The blank control ointment was prepared with ointment only

without the extract and also applied directly on the skin topically.
d- Mice given betamethasone ointment (positive control)

Betamethasone Dipropionate  Ointment 0.05 % contains
betamethasone dipropionate USP, a synthetic adrenocortical steroid, for

dermatologic use was applied directly to the skin as positive control.
2.2.4.6 Atopic dermatitis type scoring

The clinical conditions was evaluated According to the method
described By Matsuoka (Matsuoka et al., 2003) briefly, severity of
clinical signs was determined by the Sum of Two signs: dryness/ Scaling
and Erosion/excoriation/hemorrhage which were graded by 0 (No
Symptoms), 1 (mild), 2 (moderate) and 3 (severe).

Dermatitis scores evaluated at the beginning (3-week) doses of
Dermatophagoides farinae extract were giving Every 3 days and

watching for skin changes.

2.2.4.7 Radioallergosorbent test (RAST test)

Blood samples were taken from the mice, for each group of the
experiment, blood samples were centrifuged 400 G, and serum were
examined with RAST (wood et al., 2007).
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Table (2.8): Rast rating levels and comment for each range.

RAST rating |IgE level (IU/ml) |Comment

0 <0.21

1 0.35-0.69

2 0.70—-3.49

3 3.50-17.49

4 17.50-49.99
5 50.00 — 100.00
6 > 100.00

ABSENT OR UNDETECTABLE ALLERGEN SPECIFIC IgE

LOW LEVEL OF ALLERGEN SPECIFIC IgE

MODERATE LEVEL OF ALLERGEN SPECIFIC IgE

HIGH LEVEL OF ALLERGEN SPECIFIC IgE

VERY HIGH LEVEL OF ALLERGEN SPECIFIC IgE

VERY HIGH LEVEL OF ALLERGEN SPECIFIC IgE

EXTREMELY HIGH LEVEL OF ALLERGEN SPECIFIC IgE
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3 Results and discussion

3.1.1 Yield of wheat germ extract

Chloroform methanol extraction resulted in 10.88g of fine yellow

oil, while for methanol extraction the yielded 6.55 g very fine yellow oil.

3.1.2 GC-MS Analysis of wheat germ extractable results

GC-MS chromatogram analysis of the chloroform/methanol and
methanol extracts of wheat germ showed 21 peaks which indicating the
presence of 21 phytochemical constituents. On comparison of the
constituents mass spectrum with the NIST library, the 21
phytocompounds were characterized and identified as shown in (table
3.1), (table 3.2) .The mass spectra of all the phytochemicals identified in
the whole plant chloroform and chloroform/methanol extract of wheat
germ presented in (appendix.l),(appendix 2). Of the 21 compounds
identified, the most prevailing compounds were linoleic acid (38.09%),
oleic acid compound (23.11%) and Hexadecanoic acid (13.10%). Among
the compounds, two compounds were reported to have anticancer activity,
and antimicrobial activity, anti-eczema tic activity, oleic acid and linoleic
acid (Duke, 2009).
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Table (3.1): Identification of GC-MS amendable compounds and their
intensities for chloroform methanol extract.

Peak | RT, min | Intensity | Percentage | Name of compound

No. (%)

1 3.32 4657 1.14 Glycerin

2 6.3 1860 0.45 5Hydrxoymethylfurfural

3 7.16 675 0.16 m-Ditertbutylbenzene

4 7.97 338 0.08 2,4,6,8-Tetramethyl-1-undecene
5 8.09 325 0.08 2,4,6,8-Tetramethyl-1-undecene
6 8.2 289 0.07 2,4,6,8-Tetramethyl-1-undecene
7 9.73 1743 0.43 Butoxyacetic acid

8 10.8 653 0.16 3',5'-Dimethoxyacetophenone

9 13.2 318 0.08 Tetradecanoic acid

10 15.36 53645 13.10 Hexadecanoic acid

11 16.83 12202 2.98 Linoleic acid

12 17.0 155974 38.09 Linoleic acid

13 17.05 94631 23.11 Oleic acid

14 17.22 11318 2.76 Octadecanoic acid

15 ]19.96 6596 1.61 Glycerol beta-palmitate

16 21.29 13815 3.37 Beta-Monolinolein

17 24.5 5511 1.35 Vitamin E

18 24.92 8073 1.97 5-Pentadecylresorcinol

19 25.39 8141 1.99 Campesterol

20 26.16 21144 5.16 Beta-Sitosterol

21 26.65 7564 1.85 5-Pentadecylresorcinol
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Table (3.2): Identification of GC-MS amendable compounds and their
intensities for methanol extract.

Peak | RT, min| Intensity | Percentage | Name of compound

No. (%)

1 3.32 36500 9.84 Glycerin

2 6.3 1795 0.48 5Hydrxoymethylfurfural

3 7.16 668 0.18 m-Ditertbutylbenzene

4 7.97 334 0.09 2,4,6,8-Tetramethyl-1-undecene
5 8.09 356 0.10 2,4,6,8-Tetramethyl-1-undecene
6 8.2 320 0.09 2,4,6,8-Tetramethyl-1-undecene
7 9.73 1795 0.48 Butoxyacetic acid

8 10.8 512 0.14 3',5'-Dimethoxyacetophenone

9 13.2 202 0.05 Tetradecanoic acid

10 15.36 45371 12.23 Hexadecanoic acid

11 16.83 N/A 0.00 Linoleic acid

12 17.0 133242 35.93 Linoleic acid

13 17.05 80403 21.68 Oleic acid

14 17.22 9457 2.55 Octadecanoic acid

15 |19.96 |5365 1.45 Glycerol beta-palmitate

16 21.29 11548 3.11 Beta-Monolinolein

17 24.5 4706 1.27 Vitamin E

18 24.92 6874 1.85 5-Pentadecylresorcinol

19 25.39 6954 1.88 Campesterol

20 26.16 18045 4.87 Beta-Sitosterol

21 26.65 6429 1.73 5-Pentadecylresorcinol

3.2 Antimicrobial activity of wheat germ extracts

3.2.1 Minimum inhibitory concentration (MIC) of wheat

germ extracts

Results of minimum inhibitory concentration (MIC) showed that

Chloroform/methanol extraction of wheat germ had antibacterial activity,

much higher than the methanol extraction with MIC values ranging from

2.5 to 0.165 mg/ml depending on the species of bacteria and yeast table

(3.3).The tested extracts showed different levels of antimicrobial activity
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depending on tested species as shown in table (3.3).The (MIC) for the
wheat germ extract was the lowest for the Enterococcus faecalis figure
(3.1) while there was no effect for the extract against the Micrococcus
luteus for both methanol and methanol chloroform extraction , it was the
first time reporting (MIC) for a yeast species for the Candida albicans ,
C. tropicalis species with a (MIC )of 2.5 mg/ml figure (3.2) , due the
results that shows the high antibacterial , antifungal activity of the wheat
germ extract might refer to the high levels of linoleic acid and oleic acid
in the extract . (Dilika et al., 2000) a study mentioned that the
antibacterial activity-guided fractionation of the dichloromethane extract
of leaves of Helichrysum pedunculatum resulted in the isolation of
linoleic and oleic acids. Linoleic acid and oleic inhibited the growth of all
the Gram-positive bacterial species tested, for the gram negative strains
MIC vary (0.1,1.0 mg/ml) and fungal strain were tested it's still unclear

what the responsible for the activity was against these strains.
3.2.2 Minimum bactericidal concentration (MBC) of wheat
germ extract

Minimum bactericidal concentration of the wheat germ extracts was
determined against bacteria strains had the highest antimicrobial activities
shown no growth .The results were the same with minimum inhibitory

concentrations for chloroform methanol and methanol extracts, for MIC
and MBC table (3.2).
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Table (3.3): Strains of microorganism used and MIC and MBC for

extracts.
Chloroform Methanol
Strains of Microbial strains methanol extract extraction
Tested MIC MBC MIC MBC
mg/mL mg/mL

pseudomonas aeruginosa ATCC 9027 1.25 2.5 - -
Serratia marcescens ATCC13880 2.5 2.5 - -
Micrococcus luteus ATCC 9341 - - - -
Klebsiella pneumonia ATCC 1705 1.25 2.5 2.5 2.5
Enterococcus faecalis ATCC 29212 0.165 |0.165 1.25 1.25
Salmonella typhimurium ATCC2054 0.625 |0.625 2.5 2.5
Staphylococcus epidermidis ATCC 12228 | 2.5 2.5 - -
Staphylococcus Aureus ATCC1927 1.25 1.25 - -
Candida abanis ATCC 90028 2.5
Candida tropicalis 2.5
Bacillus cereus ATCC 1014 0.625 |0.625 2.5 2.5
Escherichia coli ATCC 2593 1.25 1.25 - -
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Figure (3.1): MIC of wheat germ extract against for Enterococcus
faecalis.

0.312 mg/ml
0.625 mg/ml
1.25 mg/ml

Figure (3.2): MIC for (wheat germ extract) against candida albicans
ATCC 90028.
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3.3 Anti-cancer activity of wheat germ extracts on cell line

3.3.1 Cytotoxic effect of methanol/chloroform extracts on
(K562) cell line and MCF-7 cell line and fibroblast cell line

The antitumor activity of the synthesized compounds were
characterized by conducting cell viability assay using tetrazolium dye 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide (MTT).
Cultures of the breast cancer cell lines MCF-7 and Leukemic cell line
K562 were treated with concentrations start from 900 to 14.06 pg/ml and
the results are shown in table (3.4). In the MCF-7 screening test,
chloroform/methanol extract showed a potential anti-MCF7 activity at
900 ug/ml concentrate, and at 450 pg/ml figure (3.3). In K562 screening
test it showed anti-K562 activity for extraction at 900, 450, 225 and 113
ug/ml concentrate, wheat germ compounds were able to reduce the
proliferation to less than 50% for the k562 cells, which indicate that those
compounds may have a potential anti K562 activity and the 1Cs
determined values for the potential compounds against K562 was 189.6
ug/ml, (figure 3.3). Cultures of the breast cancer cell line MCF-7 were
treated and resultant 1Csqs were less in activity than the K562 cells 473.2
ug/ml, figure (3.5). From the structure-activity relationships point of
view, the nature of wheat germ extract, seems to play a critical role in
determining the anti-cancer activity, when fibroblast cells were treated
also with wheat germ extract no activity shown for the extract.

3.3.2 Effect of methanol extracts on K562 cells and MCF-7
cell line

The MTT assay results of this extraction method declared that it
was selective for the K562 cells on high dosage of wheat germ extract but
less toxic for the K562 cells with 1Cgy 242.2 pg/ml, (figure 3.4), however
this assay gave week compared with activity compares with the
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chloroform methanol extraction on the other hand there was no activity
for the extract on MCf-7 cell line and that may refer to the low percentage

of oleic acid produced compared to the methanol/chloroform extract.

Due to the high presence of Oleic acid in wheat germ extract, (table
3.3) (Carrillo et al., 2012) found that presence of Oleic acid of could
suppress the over-expression of HER2 (erbB-2), a well-characterized
oncogene which plays a key role in the etiology, invasive progression and
metastasis in several human cancers. In addition, oleic acid could play a
role in intracellular calcium signaling pathways linked to the proliferation
event. Regarding cell death, oleic acid has been shown to induce
apoptosis in carcinoma cells. The mechanisms behind the apoptotic event
induced by oleic acid could be related to an increase in intracellular ROS

production or caspase 3 activity.

3.3.3 Effect of methanol/chloroform and methanol extracts
on fibroblast cell line

There were no cytotoxicity of the wheat germ extracts for both
methanol and chloroform/methanol extracts, after treating the cells with
the therapeutic dosage that worked on the K562 cells and MCF-7 cells
were not affected and gave an 1Cs of 450 pg/ml very close to the positive
and negative control that mean wheat germ does not have any potential
activity on normal cells.

Table (3.4): The ICx, values for the 2 tested wheat germ extracts against
MCF-7 and K562 cell lines.

) _ 1Cso pg/ml
Extraction method | I1Csopug/ml MCF-7 | 1Cso pg/ml K562 Eibroblast
Methanol/chloroform | 473.2 189.6 No activity
Methanol No activity 271.9 No activity
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Figure (3.3): The dose response curve showing the 1Cs, value of the
wheat germ and the effect of different concentrations of antagonist on
reversing agonist activity, wheat germ was selective to the k562 and gives
an 1Cso of 189.6 (ug/ml).
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Figure (3.4): The dose response curve showing that the methanolic
extract of the wheat germ on K562 cell had less activity than the
chloroform/methanol extract given 1Csq 271.9 pg/ml.
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Figure (3.5) : The dose response curve showing the ICg, value of the
wheat germ and the effect of different concentrations of antagonist on
reversing agonist activity, wheat germ was selective to the MCF-7 and
gives an I1Csq of 473.2 (ug/ml).

Figure (3.6): 96 plate, after an MTT assay, increasing amounts of cells
resulted in increased purple coloring (A): Methanol extract were showing less
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toxicity to the cells, (B): Chloroform Methanol extract shows more toxicity
and ability to kill cancer cells.

3.4 Results of Inducing Atopic Dermatitis

Atopic dermatitis were induced in seven mice and the symptoms
were ranging between sever, moderate, and mild symptoms, by repetitive
epicutaneous application treatment of dermatophagoides farinae extract
allergen dermatitis —prone were induced and results were histologically
and immunologically similar to human atopic dermatitis as in (kawakami
et al ,. 2007), and those mice were examined by veterinary doctor Shadi
Amarin specialists in the research center of animal house of jovac

vaccines factory / Jordan.

3.4.1 Evaluation of atopic dermatitis

The clinical conditions was evaluated according to the method
described By Matsuoka (Matsuoka et al., 2003) briefly, severity of
clinical signs was determined by the Sum of Two signs: dryness/ Scaling
and Erosion/excoriation/hemorrhage which were graded by 0 (No
Symptoms), 1 (mild), 2 (moderate) and 3 (severe).Dermatitis scores

evaluated at the beginning (3-week) and at theEnd (6-week).

3.4.2 Effect of wheat germ on atopic dermatitis

a- Wheat germ extract treatment results

Mice given a treatment of wheat germ topically were applied to the
skin of a model mice with a severe symptoms, shown a healing after two
days with no symptoms of cracks on the skin and no redness and the

scratching behavior was totally disappeared skin shown at figure (3.7),
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(3.8) blood samples were taken from the mice and the IgE levels shows

absent or undetectable allergen specific.

b- Effect of wheat germ ointment 20% treatment

Ointment was used as a topical application on the skin of mice,
after two days. Results showed that the outcome ointment extract was
relatively good, the symptoms were responded by change the color of the
skin and the redness was disappeared just a small part of the skin, the
ointment were given to mice with a moderate symptoms of Atopic
dermatitis, after given the ointment blood samples taken and mice were
sacrificed, the results of IgE specific to the allergen were very low 0.62 ,
20% of the extract in the ointment were used to find the minimum

concentration that cure for the atopic dermatitis figure (3.9).
c- Blank ointment base

Blank ointment base were applied topically to the skin for Atopic
dermatitis mice model of a moderate symptoms, no changes after two

days

happened to the skin Erosion and excoriation was still presence on the
skin IgE levels specific to the allergen was > 0.80, this treatment was
taken as a control for the experiment, the result shown the ointment

material was not effective for the skin figure (3.10).

d- Betamethasone ointment 0.05

Betamethasone used and applied directly to the skin, for a mice
with a moderate symptoms after two days the results shown that no
symptoms of atopic dermatitis shown this experiment were taken as a

control for the experiment with a levels of IgE < 0.21, figure (3.11).
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No | Mice AD score | Number of | Symptoms
mice
1 | No symptoms 9 No symptoms shown at the skin
2 | Mild 0 Dryness and scaling
3 | Sever 2 Excoriation and hemorrhage
4 | Moderate 5 Erosion and excoriation

Table (3.5): number of mice and their Atopic dermatitis score and note for the
Signs.

Table (3.6): Mice Atopic dermatitis score and IgE levels after treatment.

No | Mice Treatment with Number IgE Comment
AD of  mice | levels
score treated
1 | sever Wheat germ extract 1 < 0.21 | Absent or
undetectable
allergen specific IgE
2 | Moderat | Wheat germ extract 1 <0.21 | Absent or
e undetectable
allergen specific IgE
3 | Moderat | Ointment wheat germ | 2 0.62 | Low levels  of
e 20% allergen specific IgE
4 | sever Ointment base 1 0.80 | Moderate level of
allergen specific IgE

52




Chapter three Results and discussion

Figure(3.7) : mice giving treatment of wheat germ oil applied directly

to the skin (A) mice having a score of 3 sever Atopic Dermatitis , (B)
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mice after giving a treatment of wheat germ oil for 2 days IgE to
house dust mite <0.21 (1U/ml).

Figure(3.8) : mice giving treatment of wheat germ oil applied

directly to the skin (A) mice having a score of 4 moderate Atopic
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Dermatitis , (B) mice after given a treatment of wheat germ oil for 2
days IgE to house dust mite <0.21 (1U/ml).

Figure (3.9) :(A) mice without treatment score eczema 4 moderate,

(B): mice after 2 days given ointment 20% wheat germ oil score of IgE

0.62 (1U/ml) spore of atopic dermatitis on side presence.
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Figure (3.10): control mice showing a score of 3 sever Atopic

dermatitis treated with ointment base (A): mice before adding ointment
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base to skin, (B): mice giving ointment base treatment for 2 days

showing a score of atopic dermatitis IgE was 0.80(1U/ml).

Figure (3.11): (A): control mice without treatment score Atopic
dermatitis was 4 moderate, (B): mice after given betamethasone ointment

0.05% 2 days giving ointment score of IgE < 0.21 (as a positive control).
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Due to the high presence of linoleic acid in the wheat germ extract
a percentage of 40.1% it might refer to the fast healing process for the

atopic dermatitis.

Alterations in linoleic acid metabolism have been demonstrated in atopic
conditions such as eczema (Geppert J et al., 2008) Conversion of linoleic
acid to gamma linoleic acid is inhibited in individuals with atopic
dermatitis. During the past two decades several studies have reported
mixed results on the use of Gama linoleic acid -containing oils,
particularly EPO, for atopy (Miyake, 2009) these studies reveal subtle
Improvements, such as decreased inflammation and itching.

Topical essential fatty acids have been shown to improve the structure
and function of cell membranes and improve skin barrier function.
Improving skin barrier function reduces trans-epidermal water loss,
leaving the skin more hydrated, moisturized and protected (Horrobin and
Stewart ,1991) While other moisturizers may improve skin dryness,
roughness and water loss, they are often temporary and do not
biologically strengthen the integrity of the skin barrier as essential fatty

acids do.
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Chapter Four
Conclusions and Recommendations

4.1. Conclusions

1- Different classes of compounds were detected in wheat germ extracted
by methanol and methanol/chloroform including polyunsaturated fatty
acids.

2-Chloroform / methanol extract of wheat germ gave the highest anti-
microbial activity against both gram negative and positive bacterial

strains as well as yeast strains used in the experiments.

3- Chloroform / methanol extract of wheat germ showed toxicity and
selectivity for the K562 cancer cells and MCF-7 tumor cells, on the
highest dosage of wheat germ extract and showed no toxicity to the
normal cell line which is a very promising result that indicate the using of
the extract as a therapeutic drug or as a supplement for the patients with
Lukima and breast cancer without any concerns of high dosage.

4-Wheat germ extract can used as a topical ointment for the patients of
Atopic dermatitis (eczema) without using harm and hazard materials that

and many toxic drugs used as a cure like cortisone derivatives.

4.2. Recommendations

1- Qualitative and quantitative study of different active compounds
present in wheat germ extract is need especially studying the activity of
specific compounds. (HPLC) analysis

2- Further studies on the effects of wheat germ extract on skin infections
and disease because the GC-MS analysis showed many fatty acids and

components that might have an high bioactivity for skin treatments.
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3- More mice models needed for experiments of atopic dermatitis must
improve by using another materials that were prevented in Irag and
Jordan especially staphylococcal enterotoxin b (seb), which have the key
role in inducing atopic dermatitis in the mice model and the lack of this
toxin prevent this study to complete the experiment of the inducing atopic
dermatitis mice model and which made the experiment with a low

samples of mice models.
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