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ABSTRACT

People can be exposed to agricultural and household products, including daily
exposure to multiple products from both fields at the same time. There are two
essential ways by which people are exposed to the herbicidal agricultural
commodities. The first way is the direct exposure, which occurs during the usage of
these chemicals. Indeed, homeowners use greater volume of herbicides in their
gardens than the recommended rate, so they are using more herbicides per hectare
than farmers. This misuse increases the chance of the exposure to these
chemicals. Therefore, the cytotoxicity of 'Once-a-year path weed' and Roundup (R-
up), agricultural products, and their constituents on the human skin cells, HaCaT,
was studied. Assessing the cytotoxicity of 24h treatment of both products and their
components was determined using two extensively used assays, MTT and Crystal
violet (CV) assays. ‘Once-a-year path weed’ showed a significant reduction in the
cell viability (p< 0.001) of HaCaT at concentrations as low as 0.005% containing 30
UM amitrole, 29 uM ammonium thiocyanate and 22.3 uM simazine. However, this
cytotoxicity was not driven by any of the active ingredients, amitrole and simazine,
nor the surfactant, ammonium thiocyanate. Simazine showed a significant HaCaT
killing at 223 pM, which is ten times the concentration in 0.005% of the commercial
products. On the other hand, 0.05% R-up significantly killed (p <0.05) almost half of
the human skin cells, but its active ingredient, glyphosate was not toxic at even
much higher concentrations. Polyethoxylated tallow amine (POEA) was the
surfactant, and it seemed to be highly toxic at very low concentration (13.6 uM).

Therefore, it is more likely to be the responsible of R-up cytotoxicity.

The second way of exposure is the indirect exposure, which can take place
through food ingestion. Herbicides residues exceed the international tolerance
levels in some livestock such as raw bovine milk and farm animal tissues. Via food

intake, herbicides residues could reach the blood stream, and it is more likely that

Xi



they interact with other substances in the blood such as caffeine. Caffeine is the
most consumed psychoactive substance because it is commonly and frequently
consumed in many dietary sources. Nowadays, the consumption of the caffeine-
containing beverages occupies a significant place in the national cultures for most
nations of the world. Accordingly, the second part of this study was to measure the
effect of caffeine on the cytotoxicity of the tested commercial products and their
constituents on the blood cell line, WIL2-NS. Caffeine increases the toxicity of some

chemicals, but that increase was not significant.

Xii



Chapter I: Introduction

1 CHAPTER I: INTRODUCTION:

Page | 1



Chapter I: Introduction

There is widespread concern that commercial agricultural products have the
possibility to interact with a huge number of physiological functions, in exposed
populations (Sanderson et al., 2000). The toxicity of selected chemicals used in
agricultural products and the food industry are the focus of this study. These two
fields have a common factor, which is that people can be exposed to these
chemicals, including daily exposure to multiple products from fields at the same

time.

The first barrier between the human body and the outside environment is the
skin (Gehin et al., 2006). Human skin contains a network of non-enzymatic and
enzymatic systems, which oppose any oxidative injury which can occur by the
generation of reactive oxygen species in the skin structure (Gehin et al., 2006). Our
bodies are frequently exposed to many exogenous agents, including pesticides,
atmospheric pollutants, cigarette smoking, or UV light (Amerio et al., 2004; Gehin et
al., 2006). Not only synthetic chemicals are toxic, but also natural chemicals are
toxic at some doses (Gold et al., 2001b). Individuals are exposed to a huge range

of chemicals that are naturally occurring (Gold et al., 2001b).

1.1 Types of hazards posed:
Cytotoxicity, genotoxicity, and ecotoxicity are the three hazards posed by the

exposure of the society to pesticides.

1.1.1 Cytotoxicity.

The first hazard posed is cytotoxicity. Within the last decade, the cytotoxicity
of sites contaminated with pesticides attracted the attention of researchers because
cytotoxic contaminants can be transferred easily to people when they breathe, eat or
drink (Berthe-Corti et al., 1998). Cytotoxicity is a complex event causing different
effects, such as cell cycle dysregulation, cell damage, and cell death (Freshney,
2005; Marc et al., 2004a). Some contaminants show cytotoxic effects not just on

eukaryotic cells but also on prokaryotic cells (Berthe-Corti et al., 1998; Lachance et
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Chapter I: Introduction

al., 1999). The cell cycle is a process in eukaryotic cells used to facilitate all living
organisms’ growth and development (Marc et al., 2004a). The cell cycle has control
mechanisms known as cell-cycle checkpoints, which are in response to stress to
allow the repair of cellular damage or lead to programmed cell death (PCD) (Marc et

al., 2004a).

Cell death is necessary to create functional and complex multi-cellular
tissues, for example, to maintain homeostasis of normal cells, and to establish and
maintain a suitable balance of each type of cells in tissue. Cell death, also, plays a

key role in several pathologies (Danial and Korsmeyer, 2004; Fiers et al., 1999).

There are three main ways by which cells die (Edinger and Thompson, 2004;
Fiers et al., 1999). The two principal mechanisms by which cells die are apoptosis
and necrosis. The third type of cell death is autophagy or type Il PCD. It is, also,
suggested as a mechanism of cell death, but some evidence suggests that it is a
cell survival strategy (Cloonan and Williams, 2011; Danial and Korsmeyer, 2004).
As soon as cells respond to DNA damage, there is a primary protein known as the
tumour suppressor protein, p53, and it is found in most cell lines (Bode and Dong,
2007). P53 is expressed in G1 phase when DNA damage occurs (Bode and Dong,
2007). The ataxia telangiectasia mutated (ATM) protein and the AT-related (ATR)
homolog phosphorylate p53 and mouse double minute 2 (MDM2), so they prevent
p53 degradation and ubiquitination through the association of p53 with MDM2 (Bode
and Dong, 2007). That results in p53 stabilization and accumulation (Bode and
Dong, 2007). p53 is the essential mediator of cell cycle arrest and the induction of

apoptosis (Bode and Dong, 2007).

1.1.1.1 Apoptosis.

Apoptosis is the essential mechanism that leads to cell death in all cell types
from embryonic development until adult organisms (Danial and Korsmeyer, 2004).

Because it is regulated by numerous cellular signalling pathways such as caspase-
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Chapter I: Introduction

dependent pathways and Bcl-2 protein family, it is known as PCD (Cloonan and
Williams, 2011; Edinger and Thompson, 2004). There are different factors
characterise apoptotic death, for example, membrane blebbing, the performance of
internucleosomal fragments of the DNA, nuclear fragmentation, cell shrinkage, and
condensation of the nuclear (Figure 1.1c) (Edinger and Thompson, 2004; Fiers et
al., 1999). Apoptosis needs energy (ATPs) for the process to occur (Edinger and
Thompson, 2004). Phagocytic cells recognize apoptotic bodies and remove them

(Edinger and Thompson, 2004). Apoptosis is the most common form of PCD.

1.1.1.2 Necrosis.

Necrosis was originally thought to be accidently performed as a result of
physical damage or toxic attacks (Edinger and Thompson, 2004). In necrosis, the
bio-energy (ATP levels) decreases to an insufficient level for cell survival (Edinger
and Thompson, 2004). Cells die by swelling, cytoplasm vacuolation, and destruction
of the plasma membrane followed by spreading vacuoles and cellular contents
outside the cells (Figure 1.1d) (Edinger and Thompson, 2004; Fiers et al., 1999).
Necrosis is how known to be a non-apoptosis form of PCD because it is regulated
by several cellular signalling pathways (Danial and Korsmeyer, 2004; Edinger and
Thompson, 2004). Programmed necrosis takes over as soon as apoptosis is
inhibited either genetically (e.g., viral infection) or chemically (Edinger and

Thompson, 2004).

1.1.1.3 Autophagy.

Even though autophagy has the same stimuli as necrosis, they are
completely different in the way they occur (Edinger and Thompson, 2004). When
cells face famine time, there are two ways for autophagy to occur, microautophagy
and macroautophagy (Levine and Klionsky, 2004). In microautophagy, lysosomes
directly surround organelles in the cytoplasm and degrade them; in contrast,
cytoplasmic autophagic vacuoles (autophagosomes), that encapsulate organelles,

are formed in macroautophagy pathway. These autophagosomes then fuse with
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Chapter I: Introduction

lysosomes; energy subsequently is provided, and recycling of the contents occurs
(Figure 1.1b) (Cloonan and Williams, 2011; Edinger and Thompson, 2004; Levine
and Klionsky, 2004). The hypothesis, which says autophagy is more likely to be a
survival strategy than cell death mechanism, need to be investigated in further

studies before acceptance (Edinger and Thompson, 2004).

1.1.2 Genotoxicity.

A hazard posed by exogenous and endogenous agents is genotoxicity. The
genetic material of eukaryotic cells is affected when they are exposed to ionising
radiation or carcinogenic chemicals, including causation of chromosome damage
(Fenech, 2000). Carcinogenesis involves genotoxic events, and any irregular cell
cycle can cause genomic instability and cancer development (CCME, 2008; Marc et
al., 2004a). One of the hallmarks of human cancer and tumour cells is cell-cycle

dysregulation (Marc et al., 2004a).

1.1.2.1 Carcinogenesis.

Cancer is a major chronic health problem and an extremely complex multi-
step s which is caused by multiple mechanisms, including toxicological substances
(Barrett, 1993; CCME, 2008). According to Australian Institute of Health and
Welfare (AIHW; 2010), cancer is abnormal cells which occur due to a group of
diseases and grow randomly to form a mass known as a neoplasm. These cells can
attack and damage other tissues around them or worse, can overspread through the
lymphatic or bloodstream system to other parts of the body (AIHW, 2010). Not all
tumours are invasive, but the uncontrolled spreading of a tumour could cause death

(AIHW, 2010).
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Chapter I: Introduction

Lot l. 4‘/‘
Current Opinion in Cell Biology

Figure 1.1: Morphological features of normal, autophagic, apoptotic and necrotic cells.
(a) is normal, (b) is autophagic, (c) is apoptotic and (d) is necrotic cell (Edinger and Thompson,
2004).
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Chapter I: Introduction

In 2007, more than 100,000 new cancer cases, which is more than double
the number of new cases in 1982, were diagnosed in Australia (AIHW, 2010). The
average age at diagnosis was 67 and 64 years for male and female, respectively
(AIHW, 2010). Even though cancer is still the second most common cause of death,
and many types of cancer deaths involving stomach, uterine, and cervical have
reduced, but lung cancer has not (AIHW, 2010; Gold et al., 2001b). Although there
is public concern that pesticide residues in food could be cancer hazards, there is
evidence that there is a positive effect against many types of cancer as a
consequence of high consumption of fruits and vegetables including those
containing pesticide residues (Block et al., 1992; Hill et al., 1994). Indeed, fruit and
vegetable intake results in twice the cancer rate of several types of cancer such as
lung, oral cavity, colon, and bladder, compared to high consumption of these foods
(Block et al., 1992; Gold et al., 2001b). However, there is correlative evidence that
increasing frequency of cancer is associated with chronic exposures to products
involving pesticides (Marc et al., 2004a). In 2007, approximately 5% of cancers
diagnosed were related to occupational exposure (AIHW, 2010). The number of
cancer cases related to occupations is 5,000 cases a year in Australia in 2007
(AIHW, 2010). Despite the overall decrease in cancer death rates, one of the
occupations associated with a high risk of cancer is that of a farmer (Wiklund and
Dich, 1995; Gold et al., 2001b; Koller et al., 2012). Some researchers claim that
one of the greatest factors that increase the risk of cancer to farmers is exposure to
pesticides and other agricultural chemicals (Band et al., 2011; Morrison et al., 1992).
Blair and Zahm (1993) suggested that farmers are unlikely to be exposed to the
majority of the 180 chemicals that are registered in Australia for agriculture and
veterinarian uses. However, they will very likely be exposed to some of them (Blair

and Zahm, 1993).

Among the most common type of cancer diagnosed in the United States

(US) is skin cancer, which estimated to be 40% of all diagnosed cancer cases (Han
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Chapter I: Introduction

et al.,, 2011). There are over than one million new cases of skin cancer that are
diagnosed every year in the U.S., and the number is increasing each year (Han et
al., 2011). In Australia, every year 80% of newly diagnosed cancers are skin
cancer, making it one of the five most common cancer in 2007 (www.cancer.org.au,
2012a; AIHW, 2010). Two in three Australians will get skin cancer by the time they
reach the age of 70 (www.cancer.org.au, 2012a). The skin cancer type melanoma,
the third most common cancer in both genders in Australia, has increased by 50% in
the past decade (www.cancer.org.au, 2012a). Over 11,500 people were diagnosed
with melanoma in 2009, and as a consequence, more than 1,500 people died due to
this type of cancer (www.cancer.org.au, 2012a). The most common type of skin
cancer is non-melanoma skin cancer, and 543 died of non-melanoma skin cancer in

2011 (AIHW, 2010; www.cancer.org.au, 2012a).

1.1.3 Ecotoxicity.

The third hazard posed is ecotoxicity. Once contaminants access wherever
in the land or marine areas, they effect directly or indirectly on the ecosystem (Bi et
al., 2011). Pesticides are used to control one or more target organisms (see section
1.2.1), but they easily escape from the location where they are applied reaching and
adversely affecting organisms that present in the new place (Deneer, 2000; Tsui and
Chu, 2003). Mainly, they contaminate water courses that located near to agricultural
areas (Oropesa et al., 2008). Not only marine ecosystem such as fish, planktons,
and mammals are affected, but even birds are affected too (Bi et al., 2011).
Different fish species responses differently to simazine, an herbicide (see section
1.2.2.2.1) (Oropesa et al., 2008). The lethal concentration 50% (LCso) for
sheepshead minnow (Cyprinodon variegates) and Mozambique tilapia (Tilapia
mossambica) at 96h exposition to simazine were reported as 4.3 mg/L and less than
1000 mg/L, respectively (Oropesa et al., 2008). Because of the various and broad
use of simazine as an herbicide including in agriculture, orchards, and parks, there

is the possibility to expose and affect many non-targets organisms whether they are
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in terrestrial or aquatic areas (Strandberg and Scott-Fordsmand, 2002).

1.2 Agricultural products.

1.2.1 Pesticides.

A pesticide is a substance or mixture of substances formulated naturally or
synthetically to resist or control pests including invertebrates (insects), plants
(weeds), and microorganisms (bacteria and fungi) (U.S.EPA, 2012; Tadeo, 2008).
These pests could spread diseases, compete with people for food, crops, and/or
destroy their property (Tadeo, 2008; U.S.EPA, 2012). Pesticides are classified by
their type of use (Tadeo, 2008). Herbicide, which is a main group of pesticides, is
employed to avoid the growing of undesirable weeds and other plants (see section
1.2.2) (E.P.A, 2005; Tadeo, 2008). Insecticides and fungicides are the second and
third main groups of pesticides, and they are used to kill insects and fungi,
respectively (Tadeo, 2008). Pesticides are not classified as contaminants; instead,
they belong to the residues group (Tadeo, 2008). Residues are substances that
intermix with food stuff after intended usage of certain products during food (plant or
animal) production (Tadeo, 2008). Pesticide residue monitoring is essential to
ensure that consumers are not exposed to more than the maximum residue levels
(MRLs) (Tadeo, 2008). Another important term is the admissible daily intake (ADI)
of pesticides (Tadeo, 2008). ADI is the acceptable amount of pesticides to be daily

ingested without displaying any adverse effect during the whole life (Tadeo, 2008).

Pest control has occurred since the beginning of agriculture (Tadeo, 2008).
People were using lead, sulphur, mercury, and other inorganic compounds as
pesticides (Tadeo, 2008). Usage of pesticides in agriculture, industry and for
domestic application has markedly increased since 1990 (Maroni et al., 2000;
Tadeo, 2008). One problem is that homeowners use a greater volume of pesticides
in their gardens than the recommended rate, so they are using more pesticides per
hectare than farmers (E.P.A, 2005). Five times the recommended rate of pesticides

(herbicides) has been applied by Adelaide Hills residents, and this misuse increases
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the chance of the exposure to these chemicals (E.P.A, 2005). Pesticide residues,
also, exceed the international tolerance levels in some livestock such as raw bovine
milk and farm animal tissues (Lioi et al., 1998). According to the annual report
2001-2002 of the European Crop Protection Association (ECPA), North America,
Europe, and Asia have the highest percentage of agricultural areas treated with
pesticides with 31.9%, 23.8%, and 22.6%, respectively (Tadeo, 2008). At present,
over 1100 substances are recorded as pesticides (Tadeo, 2008). More than two
million tons of industrial pesticides are used every year even though there are strict
regulations for the registration and the utilization of the pesticides universally as a
result of their possible toxicity (E.P.A, 2005; Tadeo, 2008). That toxicity occurs from
misuse of pesticides, and effects not just human health, but also the environment
(E.P.A, 2005). In general, many pesticides are hazardous chemicals, and can
cause several reactions, that range from irritations to severe illness, chronic
problems appear after a period, or even death (E.P.A, 2005). In addition, there are
numerous hatural or organic chemical derived pesticides, for example, from
pyrethrum, garlic, and essential oils (Meyer et al., 2008; E.P.A, 2005). Clove oil,
essential oil, is one type of bio-based pesticides for controlling weeds, nematodes,
arthropods, and microbial pathogens (Meyer et al., 2008). Plants produce a diverse
array of bio-pesticides to defend themselves against insects, fungi, and other animal
predators (Ames et al., 1990a; Gold et al.,, 2001b). Humans ingest 99.9% of the
range of naturally occurring chemicals, and the amount of the natural pesticides in
plant foods is greater than that of synthetic pesticides (Ames et al., 1990a; Ames et
al.,, 1990b). Gold et al. (2001a) estimated that in the U.S. 1500 mg of natural
pesticides is the average daily exposure to such pesticides in the diet and
approximately 0.09 mg of synthetic pesticides residues is the daily exposure.
Between 5000 and 10,000 different natural pesticides are ingested by humans
(Ames et al., 1990a). A small group of natural pesticides present in common foods
has undergone carcinogenicity testing, and 37 of 71 of them were rodent

carcinogens, and hence possibly human carcinogens (Gold et al, 2001b).
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Therefore, they are bound by the same regulation as synthetic pesticides because
many of them can be toxic to human and harmful to the environment (E.P.A, 2005).
Exposing chick embryo cells to some synthetic pesticides determines an increase in
the number of sister chromatid exchanges (SCESs), a genetic damage end-point (Lioi

et al., 1998).

The commercial pesticide formulations consist of active ingredient, adjuvants
and inert ingredients (Brausch and Smith, 2007). Adjuvants usually aid or modify
the action of the active ingredients (Brausch and Smith, 2007). Adjuvants include
surfactants which are commonly added in pesticides (Brausch and Smith, 2007).
On the other hand, inert ingredients are the chemicals that do not change the action
of a pesticide or impair the target pest such as dyes (Brausch and Smith, 2007).
There are two essential ways to which people are exposed to pesticides (Tadeo,
2008). The first way is primary (direct) exposure, which occurs during the usage of
pesticides (Tadeo, 2008). The second way is secondary (indirect) exposure, which
can take place through food ingestion or via the environment (Tadeo, 2008). Water
sources are an example of a secondary exposure (Tadeo, 2008). Under s11 of the
2003 Water Quality Policy, a person undertaking an activity should avoid discharge
of pesticides’ waste into waters or onto lands in a place from which it is likely to
enter any aqua system (E.P.A, 2005). Ambient air could be another vehicle through
which people are exposed to pesticides because pesticides can travel in the air
through their volatilization after applying, and/or through spray drift (Lee et al.,
2002). As a consequence of the airborne agricultural pesticides in Californian
communities, some associated acute health effects such as irritation of eyes and

respiratory and headaches, have been reported (Lee et al., 2002).

1.2.2 Herbicides.

Herbicides are phytotoxic compounds that stop plant growth via blocking the
critical metabolic pathways in plants (Mori et al., 1995). They had a major role in the

development of farmers’ ability to control weeds and cultivate crops (Tadeo, 2008).
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Herbicides are classified in three ways. Foliage-applied compounds, absorbed by
Leafs, versus soil-applied compounds, absorbed by roots (Tadeo, 2008). They can
be categorized as selective herbicides, which control weeds without damage to the
crop, versus total herbicides, which kill all vegetation (Tadeo, 2008). Alternately,
their classification can be based on their chemical composition, including triazine,
amides, benzoic acids, nitriles, organo-phosphorus (OPs), and others (Tadeo,

2008).

1.2.2.1 Organo-phosphorus (OPs) herbicide.

OPs are composed of hydrocarbon complexes which include one or more
phosphorus atoms in their molecule (Tadeo, 2008). They have been used on a
large scale because of their varied range of lipophilicity, which determines the
distribution of a pesticide among fatty tissues of animals (Tadeo, 2008). Also, they
only persist in the environment for a short time (Tadeo, 2008). However, OPs
present a high acute toxicity to humans (Tadeo, 2008). The toxic action of the OPs
pesticides is usually via enzyme inhibition (Tadeo, 2008). They inhibit the normal
function of the acetylcholinesterase, a key constituent of the nervous system
(Tadeo, 2008). Acetylcholinesterase hydrolyzes acetylcholine, an ester released
with the transmissions of the nerve impulse (Tadeo, 2008). Therefore, OPs have
the ability to phosphorylate acetyl-cholinesterase, and inhibit its function via rapid
removal of acetylcholine (Tadeo, 2008). As a consequence, the nervous system is
disrupted (Tadeo, 2008). The most common OP herbicide used over the world is

glyphosate (Song et al., 2012a).
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1.2.2.1.1 Glyphosate.
N-(phosphonomethyl) glyphosatecine (CsHsNOs; Figure 1.2) is known as

glyphosate (Tadeo, 2008). It is one of the most extensively used herbicides in the
world, and over 907,000 tons were used in 2007 (Koller et al., 2012; Peruzzo et al.,
2008). It is a non-selective herbicide and foliage-applied compound (Bradberry et
al., 2004; Tadeo, 2008). It is an acid but commonly used in glyphosate-containing
herbicides in its salt form, isopropylamine salt (Peruzzo et al., 2008). It is a polar,
and binds strongly to the soil particles causing its half-life to be in the soil as much
as 3 to 174 days (Tadeo, 2008; Peruzzo et al., 2008). Glyphosate is extensively
employed for controlling vegetation in non-crop areas, and controlling weeds in
aguatic systems (Tadeo, 2008). It prevents the shikimic acid pathway through which
the aromatic ring amino acids, tryptophan, tyrosine, and phenylalanine are
synthesized in plants (Tadeo, 2008). Thus, it inhibits the enzyme 5-enolpyruvoyl-
shikimate-3-phosphate synthase (Martini et al., 2012; Tadeo, 2008). As a result of

the absence of this enzyme in human and animals, Glyphosate is predicted to be
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Figure 1.2: The structural formula of glyphosate.
(http://www.sigmaaldrich.com).

non-toxic to them (Martini et al., 2012). Glyphosate was considered previously to be

safe within the normal usage or for chronic exposure, and the World Health
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Organisation (WHO) classified it as unlikely to present acute hazard in normal use
(Gehin et al., 2006; Song et al., 2012a; Williams et al., 2000). In regards of the
aquatic organisms, it is observed to be slightly or non-toxic (Wang et al., 2005). In
rats, the LDs is 4.32 g/Kg (Lioi et al., 1998). It also causes renal failure, metabolic
acidosis, arrhythmia, mental deterioration, death, or other severe effects in people

who ingest large volumes of glyphosate (Song et al., 2012a; Bradberry et al., 2004).

1.2.2.1.2 Polyethoxylated tallow amine.
Polyethoxylated tallow amine (POEA) is a predominant non-ionic

surfactant used wildly with the advent of glyphosatephosate-based formulations,
specifically R-up (Williams et al., 2000; Giesy et al.,, 2000; Brausch and Smith,
2007). These formulations consist of up to 15% of POEA (Giesy et al., 2000).
POEA is belong to alkylamine ethoxylates (ANEOSs), which is one of the seven major
types of non-ionic surfactants (Brausch and Smith, 2007). Tallow is synthesized
from animal-derived fatty acids, and POEA is a mixture of polyethoxylated long-
chain alkylamines (Giesy et al., 2000; Brausch and Smith, 2007). It is degradable,
and the degradation half-life for POEA in soil is estimated to be within a week (Wang
et al., 2005). These surfactants are from a large group of surface-active substances
that are employed for a large number of applications, one of which is use in
herbicides (Baeurle and Kroener, 2004). The main purpose of POEA is to facilitate
and promote the herbicide absorption into plant cuticles and increase the
effectiveness of its active ingredients (Martini et al.,, 2012; Brausch and Smith,
2007). POEA is considered to be moderately toxic to aquatic organisms, and the
risk level of these organisms in the shallow water contaminated with POEA is even
elevated (Wang et al., 2005). Brausch and Smith (2007) treated an aquatic micro-
invertebrate with different doses of POEA in their study, and they concluded that
POEA is very toxic and impairs the aquatic organisms in the area where it is applied.

Numerous studies evaluated the toxicity of the active ingredients of herbicides, but
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narrow information is available on the potential toxicity of POEA alone (Wang et al.,

2005; Brausch and Smith, 2007).

1.2.2.2 Triazine herbicide.

Triazine (2-chloro-s-triazine) family of herbicides are used widely to control
annual grass and broadleaved weeds because they are effective at low
concentrations (Tennant et al., 2001; Tadeo, 2008; Sanderson et al., 2001). They
were used progressively since the 1960s and are ranked one of the largest
herbicide groups that are sold in the U.S. (Kligerman et al., 2000a; Sanderson et al.,
2001). Active ingredients as much as 41 to 55 million Kg were used annually
(Kligerman et al., 2000a). They are absorbed by roots or by foliage, depending on
the time of application, pre- or post-emergence, respectively (Tadeo, 2008; Tennant
et al., 2001). Most triazine herbicides starve the treated sensitive plants through
electron transport inhibition which leads to a block of photosynthesis (Kaya et al.,
2000; Loosli, 1994). The main triazines are amitrole, atrazine, cyanazine, and
simazine, and they are usually used as part of wheat, sugar cane, and maize
cultivations (Worthing and Walker, 1983; Tadeo, 2008; Kaya et al., 2000). These
chemicals are detected in high concentrations in both surface and groundwater in
certain parts of USA because of their widespread application (Kligerman et al.,
2000a; Tennant et al., 2001; Sanderson et al., 2001). Long-term exposure to this
family increases the risk of ovarian and breast cancer (Sanderson et al., 2001). ltis
estimated that 2-3 million people are exposed to less than 1 pg/L of triazine
herbicides as consequences of drinking groundwater as their primary source

(Kligerman et al., 2000a; Tennant et al., 2001).

1.2.2.2.1 Simazine.
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2-chloro-4,6-bis[ethylamino]-s-triazine or simazine (C;H12CINs; Figure 1.3)
is one halogenated aromatic herbicide that the currently in widespread use
(Haggblom and Milligan, 2000). Simazine is a selective herbicide and belongs to
triazine herbicide class (Strandberg and Scott-Fordsmand, 2002; U.S.EPA, 2007;
Kearney et al., 1967). It is determined that simazine concentration reached 0.23
mg/L surface water at 30 monitoring stations in lllinois (Kligerman et al., 2000a).
Simazine inhibits photosynthesis in the chloroplasts by stopping electron transfer at
the photosynthesis complex Il (Strandberg and Scott-Fordsmand, 2002). It is
phytotoxic to many herb species, which may not be the target for the application, at
a lower rate than the recommended application doses, and such effects could
remain for one year after usage (Strandberg and Scott-Fordsmand, 2002).
Concentrations of 4 ug and 0.68 pg simazine/L were recorded in fresh water and
aerial fallout-rain, respectively (Strandberg and Scott-Fordsmand, 2002). The
maximum expected simazine concentration in soil is 5 mg/Kg, depending on the
application rate in the soil (Strandberg and Scott-Fordsmand, 2002). Waters used

for the public supply of some towns in southwest Spain were contaminated with as
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Figure 1.3: The structural formula of simazine.
(http://www.sigmaaldrich.com).

high as 4.5 pg/L of simazine due to its extensive use (Oropesa et al., 2008). That
concentration was much higher than the maximum advisory legal limit for drinking
water which is 0.1 pg/L (Oropesa et al., 2008). The problem lies in that simazine
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remains in aquatic environments for several months after application because
simazine is not degraded effectively in the environment. (Oropesa et al., 2008). The
major non-biological mechanism appearing to detoxify of simazine in plants and soil
is the conversation of simazine to hydroxysimazine with the involvement of
benzoxazine in the reaction (Kearney et al., 1967).
1.2.2.2.2 Amitrole.

Amitrole or aminotriazole (C,HsN4; 3-amino-1,2,4-triazole; Figure 1.4) is
an off-white and non-volatile crystalline powder (Sellamuthu, 2014). It is not a
natural chemical and first synthesized in 1898 (Sellamuthu, 2014). It is soluble and
stable in water (Sellamuthu, 2014). It is, also, soluble in the polar solvent
(Sellamuthu, 2014). It was introduced as a fast-herbicidal active ingredient in many
formulations since 1954 (Balkisson et al., 1992; Mattioli et al., 1994; Legras et al.,
1996). Because of the misuse of amitrole causing food crisis in 1959, its
applications are restricted to non-food crops since then (Ichihara et al., 2005;
Sellamuthu, 2014). Herbicides containing amitrole have a wide spectrum of

activities against deep-rooting weeds, annual grasses and poison ivy on outdoor
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Figure 1.4: The structural formula of amitrole.
(Sellamuthu, 2014).

non-agricultural areas such as houses, cottages, along roads and railway tracks
(Balkisson et al., 1992; Furukawa et al., 2010; Sellamuthu, 2014). However,
applying amitrole above the recommended level or run off are more likely causing
contaminations of soils, surface and groundwater because of its high-water solubility

of 280 g/L (Sellamuthu, 2014; Oesterreich et al., 1999). The contamination of these
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sites could lead to toxicity of birds, and aquatic species (Sellamuthu, 2014). The
half-life of amitrole in soil is 26 days, and 57 days, respectively, under anaerobic
condition (Sellamuthu, 2014). Moreover, amitrole is a non-selective triazole
herbicide that is taken up through plant leaves and is usually used in formulations
together with other chemicals agents some of which are toxic (Furukawa et al.,
2010; Legras et al.,, 1996; Sellamuthu, 2014). Its association with other toxic
compounds make it a challenging to study its acute toxicity in human (Legras et al.,
1996). Its herbicidal action involves the inhibition of chlorophyll formation and buds

regrowth (Balkisson et al., 1992; Legras et al., 1996).

There was a concept that the risk of adverse pulmonary side-effects is rare
and tiny because of the low doses applied, and low acute oral toxicity of amitrole
tested in the rat (Balkisson et al., 1992; Legras et al.,, 1996). Because of its
restricted usage in non-food crops, the potential human exposure to amitrole is
minimal, but the exposure to amitrole occurs to workers during their handling
processes in manufacturing units or spraying amitrole-containing herbicides in fields
when they do not have a proper protection in the workplace (Sellamuthu, 2014).
Thirty percent of amitrole is absorbed through the skin, and the toxicity of the direct
contact with amitrole-containing herbicides is thought to be limited to the mucosal
membrane of the skin and eyes (Balkisson et al., 1992; Sellamuthu, 2014). The
body eliminates amitrole without any metabolic transformation mostly in urine within
24h (Legras et al., 1996; Sellamuthu, 2014). After ingestion by a human, amitrole
causes a wide spectrum of responses starting with poisoning to death depending on

the dose and the chemicals present in the mixture (Sellamuthu, 2014).

The carcinogenicity of amitrole was supported by studies on experimental
animals (Balkisson et al., 1992; Furukawa et al., 2010). Amitrole was classified by
the International Agency for Research on Cancer (IARC) as a potential human
carcinogen (IARC, 1987). The main target organ for amitrole is the thyroid gland

(Sellamuthu, 2014). An in vivo study reported that giving rats high doses of amitrole
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results in decline in the thyroid hormones T3 and T4 because of the inhibition of
thyroid peroxidase enzyme (TPO), and the reduction of these hormones increases
the thyroid stimulation hormones (TSH), which are important in thyrocyte
proliferation and carcinogenesis (Dellarco and Wiltse, 1998; Furukawa et al., 2010;
Sellamuthu, 2014). Therefore, effects of amitrole were not because of its
cytotoxicity (Pan et al., 2011). Besides the thyroid tumours, amitrole causes
tumours of pituitary, goitre and liver in human after chronic exposure (Sellamuthu,
2014). An in vivo study found that a combination of amitrole with sodium nitrite
(NaNO,) lacked promotion effects for hepatocarcinogenesis in rats, and that
suggested the significant decrease of body weights were from decreases in food
and water consumption (Ichihara et al., 2005).

1.2.2.2.3 Ammonium thiocyanate.

Ammonium thiocyanate (NH4sSCN) is a white organic compound
(hygroscopic salt) (Bhunia et al., 2000; Van Hoek, 2000). It is used as raw materials
or additional supporters in building, chemical industry, fibre production, and
agricultural products (Van Hoek, 2000). Large quantities (around 3,000 tons) of
ammonium thiocyanate is resumed in agricultural products (Van Hoek, 2000). It is
used as a raw material to produce non-selective herbicides controlling unwanted
plant, or as an auxiliary (surfactant) which reinforces the activity of amitrole
(Balkisson et al., 1992; Van Hoek, 2000; Bhunia et al., 2000). Human exposure to
thiocyanate occurs through drinking water and diet whereas it is found naturally in
Brussel genus vegetables such as broccoli, Brussel sprouts, kale and others (Horton
et al., 2015). Another source of thiocyanate is cigarettes (Horton et al., 2015).
Thiocyanate is absorbed swiftly after ingestion, but it does not remain in the body
because it is cleared rapidly (4 mL/min) throughout the kidney (Balkisson et al.,
1992; Legras et al., 1996). The average half-life elimination of thiocyanate is three
days in the normal body having no renal frillier (Legras et al., 1996). This half-life
elimination could be dropped to 2.7 — 2.3 days with sodium chloride appearance as

it speeds up the excreting of thiocyanate (Legras et al., 1996). It is readily resorbed,
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and direct, prolonged skin contact with it can cause skin irritation and rashes (Van
Hoek, 2000). However, a high concentration of it could become problematic (Van

Hoek, 2000).

1.3 Food industry.

1.3.1 Caffeine.

The chemical and physical properties of caffeine, 1,3,7-trimethylxanthine
(CsH10N4O2; Figure 1.5), are well studied (Oestreich-Janzen, 2016). It is a nontoxic
crystalline alkaloid with white colour, odourless, and bitter taste that perceived
throughout the oral cavity (Somogyi, 2010; Green et al., 2010; Oestreich-Janzen,
2016; Traganos et al., 1993). Caffeine, also, has a good character which makes it
penetrates biological membranes and parries easily, and that is caffeine is both
hydrophilic and lipophilic (Oestreich-Janzen, 2016). Lots of people associate
caffeine with coffee, but, indeed, caffeine, comes from different plants belong to
different families such as tea leaves, kola nuts, cocoa beans and more than 60 other
caffeine plant species at varying concentrations (Somogyi, 2010; Oestreich-Janzen,
2016). Plants containing caffeine are high economic value worldwide, as they
spread all over the world (Oestreich-Janzen, 2016). Caffeine serves as an

insecticide in those plants where it paralyses or kills insects that feed on the plants
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Figure 1.5: Chemical structure of caffeine.
(www.segmaaldrich.com).
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(Somogyi, 2010). The main plants containing caffeine are coffee (Coffea canephora
and Coffea arabica), cola (Cola nitride), cocoa (Theobroma cacao), and tea
(Camellia sinensis) (Bode and Dong, 2007; Chin et al., 2011). It is, also, found in
some synthesised medication and pain remedies (Bode and Dong, 2007; Oestreich-
Janzen, 2016). Caffeine is the most consumed psychoactive substance all over the
world because it is commonly and frequently consumed in many dietary sources,
including soft drinks, energy drinks, coffee, tea, and chocolate bars (Bode and

Dong, 2007; Han et al., 2011; Somogyi, 2010).

1.3.1.1 Consumption of products.
Caffeine is thought to have been discovered during the third century AD by

an Ethiopian shepherd whose goats became agitated after eating coffee berries or
beans (IOM, 2001). Early in the sixth century AD, coffee plant cultivation had
begun, and coffee as a beverage reached Yemen, where it became a popular social
beverage among Muslims during 1000 AD (Green et al., 2010). From there, it
reached Europe and the Americas (Green et al., 2010). Nowadays, the conception
of the caffeine-containing beverages occupies a significant place in the national
cultures for most nations of the world (Fredholm et al., 1999). The global caffeine
production is estimated at 10,000-15,000 tons including natural caffeine (over 3,000
tons) was estimated in 1999 (Oestreich-Janzen, 2016). China was the main
supplier of synthetic caffeine in 2011 (Oestreich-Janzen, 2016). The Food and Drug
Administration (FDA) gave caffeine an interim food additive status for further studies
(Deshpande, 2002). Using scientific articles published from 1986 to 1991 that
studied the potential health effects of caffeine, the FDA concluded that the
consumption of caffeine in cola beverages at 100 mg/person/day showed no hazard
on human health (IOM, 2001). The European Food Safety Authority (EFSA)
conclude in their publication the scientific opening on the safety of caffeine (2015)
that adult daily consumption of up to 400 mg caffeine as a habit intake from all

sources do not give rise to safety concerns. Such consumption should be halved for
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a pregnant woman (E.F.S.A, 2015).

Coffee comprises an array of compounds produced by the roasting procedure,
and some of these compounds may have an anti-tumorigenic or anti-oxidative
activity such as cafestol and kahweol, which have been stated to prevent the effect
of many carcinogens (Gold et al., 2001b; Gunter et al., 2012). Consequently, it is
biologically reasonable that coffee and/or caffeine may be associated with reducing
cancer risk (Dubrow et al., 2012). In coffee beans, the content of caffeine relies on
the method of preparation and the type of the coffee beans (Somogyi, 2010).
Indeed, the roasting process reduces the caffeine content of the beans, so the
darker the bean, the less caffeine content (Somogyi, 2010). In general, a single cup
of espresso (30 ml) contains 64 mg caffeine, and an ounce cup of automatic drip
coffee (237 ml) contains 145 mg (Somogyi, 2010). On average, 256 mg
caffeine/day may be consumed (approximately 5-7 mg caffeine/kg body weight/day)
since an average of 3.2 cups of coffee per day are ingested by coffee drinkers
(Mandel, 2002; Green et al., 2010). A cup of tea beverage contains 20-80 mg
caffeine (Somogyi, 2010). Seventy percent of soft drinks contain caffeine as an
additive ingredient (Green et al., 2010). Soft drinks contain 30-40mg caffeine/
355ml serving, and energy drinks with added caffeine contain as much as 200mg/
355ml serving (Somogyi, 2010). A universal survey including 42 countries shows
that the estimated consumption of caffeine from all sources was about 70-76
mg/person/day, which equivalent to approximately 1.1 mg/kg (Fredholm et al.,

1999).

Caffeine metabolism is well-understood, and the primary organ in which it is
metabolised is the liver where the formation of dimethyl- and monomethyl-xanthines,
dimethyl and monomethyl uric acid, trimethyl- and dimethyl-allantoin, and uracil
derivatives occurs (Fredholm et al., 1999; Green et al., 2010). Caffeine degrades to
several metabolites through different biotransformation pathways, but the main

pathway for caffeine metabolism is the paraxanthine (1,7-DMX) pathway, which
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represents up to 80% of the metabolism of caffeine in healthy humans (Miners and
Birkett, 1996; Green et al., 2010). Enzymes that are involved in caffeine
degradation are well-characterized except some intermediary steps and enzymes
participated in the metabolism of the secondary and tertiary metabolites (McQuilkin
et al., 1995). Even though a large number of enzymes and intermediate products
are involved in the caffeine metabolism, greater than 95% of the primary step in the
metabolic pathway occurs via the cytochrome P450 1A2 (CYP1A2) enzyme (Carrillo
and Benitez, 2000; Green et al.,, 2010). This enzyme drives the dimethyl and
monomethyl metabolites (Figure 1.6) (Carrillo and Benitez, 2000; Green et al.,
2010). Moreover, 99% of caffeine is absorbed within less than 50 minutes of
ingestion (Green et al., 2010). Caffeine is rapidly distributed throughout the body
after ingestion and reaches the brain via the blood-brain barrier where it works as a
stimulant of the central nervous system (CNS) (Bode and Dong, 2007; Green et al.,
2010). The half-life of caffeine for doses less than 10 mg/kg ranges from 0.7 to 1.2h
in rats, and from 2.5 to 4.5h in human (Fredholm et al., 1999). Caffeine at doses
ranging from 20-200 mg related positively to the mood (Fredholm et al., 1999).
Human subjects have been used to study the effect of caffeine on mood, and they
reported that they feel energetic, able to concentrate, efficient, self-confident, and
motivated to work (Fredholm et al., 1999). It is, also, known that caffeine has well-
documented effects on anxiety despite there being no clear relationship between
them (Fredholm et al.,, 1999). Caffeine has effects on sleep and increases
wakefulness (Fredholm et al., 1999). This is one of the main reasons why people
consume caffeine-containing beverages (Fredholm et al., 1999). In contrast, some
people would like to cease their habitual caffeine intake because of the
unsatisfactory sleep (Fredholm et al., 1999).  Also, caffeine has an efficient ability
to scavenge highly reactive radicals to form various radical adducts (Chin et al.,
2011; Devasagayam and Kesavan, 1996). Caffeine inhibits two critical oncogene
pathways, the serine/threonine kinase (Akt) pathway and the cyclooxygenase-2

(COX-2) pathway (Han et al., 2011; Gunter et al., 2012). Akt is frequently activated
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in human cancers, and it promotes cell survival (Bode and Dong, 2003; Datta et al.,
1999). Exceeding of COX-2 promotes skin tumorigenesis, so COX-2 inhibition
reduces chemical-induced skin tumour progression (Fischer et al., 2007). Overall,
the effect of caffeine on cell proliferation and whether it is a carcinogen is

ambiguous (Bode and Dong, 2007; Gold et al., 2001b).
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Figure 1.6: Major metabolic pathways of caffeine in mammals.
(Green et al., 2010).
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1.4 Human tissue culture.

1.4.1.1 HaCaT.

HaCaT cell line has been derived from a long-term primary culture of
human adult skin keratinocytes (Boukamp et al., 1988). This cell line has a
transformed phenotype in vitro whereas it can make colonies on plastic and in agar
(Boukamp et al., 1988). It is considered to be immortal (more than 140 passages)
with specific stable marker chromosomes, but it remains non-tumorigenic (Boukamp
et al., 1988). HaCaT cells offer a suitable and stable model for keratinization studies
because cells retain a remarkable capacity for normal differentiation even after

multiple passages (Boukamp et al., 1988).

1.4.1.2 WIL2-NS.
The human non-secreting B lymphocyte, WIL2-NS, is derived from a WI-L2

cell line (ATCC, 2014). WIL-2 was the first cell line that originally isolated from the
spleen of a 5-years-old Caucasian boy with hereditary spherocytic anaemia (Levy et
al., 1968). The patient, at the time of the culture, was initiated, was free from
evidence malignant diseases (Levy et al., 1971; Levy et al., 1968). Cells are
duplicated within 30 to 70 hours disbanding on the conditions of the culture (Levy et
al., 1968). For example, serum concentration greater than 10% decreases the cell

growth (Levy et al., 1968).

1.5 Techniques:

To evaluate the cytotoxicity of chemicals, various assays have been used
(Dojindo, 2016). Every assay based on a specific cell function such as cell
adherence, enzyme activity, production of co-enzyme or cell membrane penetrability
(Dojindo, 2016). Many methods have been established to count the number of live
cells after submission to variations of experimental conditions, and some of which
are MTT method, crystal violet method, and trypan blue method (Dojindo, 2016;

Avelar-Freitas et al., 2014).
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1.5.1 MTT assay:
The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)

assay is one of the enzyme-based assays that is extensively used to assess
cytotoxicity (Chiba et al., 1998b; Dojindo, 2016). It quantifies in vitro the viable cells
whose mitochondria produce the succinate dehydrogenase enzyme converting the
yellow soluble MTT to the purple insoluble formazan needle-shaped crystals in the
cells (Henriksson et al., 2006; Young et al., 2005; Dojindo, 2016). The reason why
tetrazolium salts are used is that their rings are cleaved in active mitochondria;
therefore, this reaction does not happen in dead cells (Mosmann, 1983). MTT
assay has several advantages. First of all, few materials and reagents are needed
for this assay (Mosmann, 1983). The second property is the colorimetric techniques
such as MTT assay is one of the best ways by which working with radioactive
materials are avoided (Henriksson et al., 2006). The third one is that MTT is a very
useful method because it not only analyses a large number of samples at the same
time by using 96-well plates, but also, it gives results with a high degree of precision
(Henriksson et al.,, 2006; Mosmann, 1983). The next characteristic is media
removal, or washing steps are not required, so the assay’s speed is increased, and
most importantly, the variability between samples is minimized (Mosmann, 1983;
Dojindo, 2016). Finally, it is safe and has wide applicability in proliferation and
cytotoxicity tests with so many different types of cell lines (Mosmann, 1983; Dojindo,
2016). As aresult of these properties, MTT has been commonly used in cytotoxicity

research and drug screening (Mosmann, 1983; Plumb et al., 1989).

1.5.2 Crystal violet (CV) staining assay:

Another simple and reproducible assay of cytotoxicity is CV staining assay,
which determines stained cells that refer to growth rate or cell viability (Kueng et al.,
1989; Chiba et al., 1998b). CV stain is a triphenylmethane basic dye staining cell
nuclei, and it is also known as gentian violet (Vandersickel et al., 2011; Castro-

Garza et al., 2007; Gillies et al., 1986). Initially, CV stain was used in the Gram
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stain method as the primary stain, and then it became widely used in different
applications such as quantifying the number of the monolayer cultured cells, and
determining under different conditions the proliferation or viability of cells (Castro-
Garza et al.,, 2007; Vandersickel et al.,, 2011). There are some essential
characteristics of CV staining assay. Firstly, CV staining assay is one of the
simplest, most sensitive, most useful and rapid colorimetric assays used for
cytotoxicity studies (Gillies et al., 1986; Martin and Clynes, 1993; Castro-Garza et
al., 2007; Saotome et al., 1989). Secondly, it is easy to be performed, and more
objective than other assays such as colony formation assay (Vandersickel et al.,
2011). Also, it is a reliable semi-quantitative assay to measure the cytotoxicity of
chemicals (Castro-Garza et al., 2007; Saotome et al., 1989). Comparing with other

techniques, CV staining assay is less time consuming (Vandersickel et al., 2011).

1.5.3 Trypan blue (TB) assay.

One of the commonly used assay to determine cell viability and cytotoxicity
is the dye exclusion trypan blue (TB) staining assay (Dojindo, 2016; Avelar-Freitas
et al., 2014). It is a day It is based on cell membrane permeability, whereas dyes
stain the dead cells after penetrating their cytoplasm because of the loss of their
membrane integrity (Dojindo, 2016; Avelar-Freitas et al., 2014; Chung et al., 2015).
Using a microscope and a hemocytometer the unstained cells (live cells with intact
membrane) are counted to determine cell viability (Dojindo, 2016; Avelar-Freitas et

al., 2014; Chung et al., 2015).

1.6 Scope and Aims.

The implications of this proof of principle study show the cytotoxic level of two
commercial herbicidal products, ‘Once-a-year path weed’ and Roundup (R-up), and
their constituents on the people who could be exposed to few droplets while
applying these herbicides. Two common assays, MTT and Crystal Violet, were
used to assess the cytotoxicity of these chemicals on human skin cells, HaCaT for

24h. Chapter Il, The Potential Toxicity of the Commercial Product ‘Once-a-Year
Page | 27



Chapter I: Introduction

Path Weed' and its Active Ingredients, Amitrole, Ammonium Thiocyanate and
Simazine, cytotoxic effects of ‘Once-a-year path weed, its components (amitrole,
ammonium thiocyanate and simazine) and the lab mixture of ‘Once-a-year path
weed’ were observed on HaCaT cells. In Chapter lll, The Secret behind Roundup
Toxicity: The Role of Glyphosate and The Surfactant, Polyethoxylated Tallow Amine
(POEA), in The Acute Toxicity of Roundup, toxicity of R-up and its ingredients

(glyphosate and POEA) was detected.

A more detailed study was then performed by using B lymphocyte cells, WIL2-
NS, because these herbicides could reach the blood stream via penetrating
throughout the skin or food ingestion. In the blood stream, herbicides are more likely
interact with other substances such as caffeine which is one of most consumed
substance in the world (see section 1.3.1). Therefore, combinations of caffeine-
herbicides exposed to WIL2-NS cell line for 4h, and the cytotoxicity was determined
using MTT and Trypan blue assay (Chapter 1V: Effects of caffeine on the cytotoxicity

of the tested herbicides).
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2 CHAPTER Il: THE POTENTIAL TOXICITY OF THE
COMMERCIAL PRODUCT ‘ONCE-A-YEAR PATH
WEED'’ AND ITS ACTIVE INGREDIENTS,
AMITROLE, AMMONIUM THIOCYANATE AND
SIMAZINE.
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2.1 Introduction:

Our skins are the first barrier exposed to compounds in the outside
environment including herbicides, of which more than two million tons are applied
annually (Gehin et al., 2006; E.P.A, 2005). Many people are use pesticides
(herbicides) in their residential houses, and they often exceed the recommended
rate, so they are using more pesticides per hectare than farmers (Maroni et al.,
2000; E.P.A, 2005). As a result of this misuse, their health, as well as the

environment, are badly affected (E.P.A, 2005).

Simazine is a selective herbicide, but it could have an impact on many non-
target organisms whether they are in terrestrial or aquatic areas because of its wide
usage (Strandberg and Scott-Fordsmand, 2002; U.S.EPA, 2007; Kearney et al.,
1967). Simazine induced mammary tumours in female rats and is considered a
possible human carcinogen (Kligerman et al.,, 2000b; Tennant et al., 2001).
Simazine at concentration of 45 pg/L showed moderate (30 days treatment) and
severe necrosis (45 to 75 days treatment) in kidneys of exposed carp (Oropesa et
al.,, 2008). At the same concentrations of simazine, some necrotic areas were
observed in the liver of the fish in the early stages of the exposure, and the severity
was increased at day 60 (Oropesa et al., 2008). In vivo, the risk of prostate cancer
is elevated among farm workers who are exposed to high levels of simazine

compared to workers with low levels of exposure (Mills and Yang, 2003).

Amitrole and simazine are the main triazine herbicides used widely to control
undesired weeds because of their effectiveness at low concentrations (Tennant et
al., 2001; Tadeo, 2008). 41 to 55 million Kg of active ingredients were annually
used causing the contamination of the surface and groundwater with a high
concentration of triazine herbicides (Kligerman et al., 2000a; Tennant et al., 2001).
Amitrole is a non-selective and a fast-herbicidal active ingredient (Furukawa et al.,

2010). It is classified as slightly toxic (Sellamuthu, 2014). It produces benign and
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malignant liver and thyroid tumours in rodents by interference with the functioning of
thyroid peroxidase (Ichihara et al., 2005; Mattioli et al., 1994; Sellamuthu, 2014).
Meretoja et al. (1976) found using the mitotic index that amitrole in a concentration
of 10 g/L (1% w/v) is a highly cytotoxic dose for human cells in culture. They, also,
resulted that 2 g/L amitrole (0.2% wi/v) and higher inhibit lymphoblast transformation
in blood culture after 72-h exposure (Meretoja et al., 1976). Mattioli et al. (1994)
concluded in a study of the mechanism of the carcinogenic activity of amitrole that

amitrole is likely to be a carcinogen to humans, but it was not genotoxic.

To make amitrole more efficient, a salt called ammonium (amm) thiocyanate
(NH4SCN) is added to the amitrole-containing herbicides (Balkisson et al., 1992).
The environment is usually contaminated with thiocyanate via using herbicides and
effluents containing thiocyanate (Bhunia et al., 2000). Even though it is reported
that thiocyanate converts to cyanide, which is thought to be the cause of some of
the toxic effects of thiocyanate, the conversation of the toxicity of amm thiocyanate
have not been well known in human (Legras et al., 1996). Ammonium thiocyanate
is mildly toxic, but is stable and thus difficult to destroy (Van Hoek, 2000; Budaev et
al., 2015). However, there are chronic effects of exposure to it including vomiting,
nausea, and dizziness (Balkisson et al., 1992). The mortality of aquatic organisms
has a dose-dependent relationship with thiocyanate concentration (Lanno and
Dixon, 1996b). The toxicity of ammonium thiocyanate has not been associated with
alveolar damage via inhalation, but its effects could be amplified if it is mixed with

the active ingredients found in the formulas (Balkisson et al., 1992).

In this chapter, ‘once a year path weed’ product and its individual components
were studied in vitro, and it is hypothesised that thel/200 dilution (equivalent to a
few droplets) of the commercial product and the individual components are not
cytotoxic to HaCaT human skin cell line. MTT (3-[4, 5-dimethylthiazol-2-yl]-2, 5-
diphenyltetrazolium bromide) assay and crystal violet assay were used to determine

the cell viability after treating HaCaT cells.
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2.2 Material and methods:

2.2.1 Chemicals:

RPMI1640 medium powder was obtained from Sigma-Aldrich. Foetal bovine
serum (FBS) was purchased from Hyclone (Victoria, Australia). Sodium bicarbonate
solution obtained from Pfizer (WA, Australia). Penicillin/streptomycin and the L-
glutamine were obtained from Gibco® (Life Technology, USA). A 5 mg/ml MTT (3-
[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide; Sigma-Aldrich, USA)
solution was prepared and stored at -20°C. 20% SDS (sodium dodecyl sulphate;
Sigma-Aldrich, USA) in 0.02M HCI (Merck, Germany) was prepared at room
temperature in a fume hood. Crystal violet stain was prepared: 0.5% crystal violet
powder (Sigma-Aldrich, USA) in 50% methanol (Sigma-Aldrich, USA) and stored in
the fume hood at room temperature. 33% acetic acid (Merck, Germany) was
prepared and stored in the fume hood. Phosphate-Buffered-saline (PBS) was
prepared and stored at room temperature after it was sterilised. The commercial
product, ‘once-a-year’ path weeds (Yates) was bought from a commercial shop in
South Australia. Amitrole, simazine, and ammonium thiocyanate were purchased
from Sigma-Aldrich (USA). A lab mixture, which is composed of 5g/L amitrole, 9g/L

simazine, and 4.4g/L ammonium thiocyanate, was prepared and stored in -20°C.

2.2.2 Cell culture and medium:

HaCaT (Ha= human adult, Ca= calcium, and T= temperature) is a human
keratinocyte cell line which was developed through a long-term culture of normal
human adult skin keratinocytes under low calcium concentration and temperature
(Boukamp et al.,, 1988). RPMI1640 medium was used to culture HaCaT cells.
Added to it were 10% foetal bovine serum (FBS), 2.5% sodium bicarbonate solution
and 1% of both penicillin/streptomycin and L-glutamine. These combined ingredients
are referred to as “media” from here onwards. 75cm? culture flasks (Sigma-Aldrich,

USA) were used to grow HaCaT cells till they reach 70-80% confluence. The
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medium was then changed every three days, and cells were subcultured every

seven days.

2.2.3 Dosing.

Fresh doses were made just before each experiment. The highest
concentration of the commercial product and the lab mixture was 0.005%, which
followed by five 1/10 serial dilutions. A 350 uM was the highest concentration of
amitrole and ammonium thiocyanate. Five 1/10 serial dilutions were made up from
the maximum concentration. The highest concentration of simazine was 223 uM

(0.0045% wiv), from which three serial dilutions were prepared.

2.2.4 Preparing plates.

For both MTT and crystal violet assays, HaCaT cells were seeded in 96-well
microplates (1 x 10* cells/well in RBMI 1640 medium and 10% FBS), and the plates
were incubated for 24h in 37°C, 5% CO: incubator for cell adherence. After
adherence of cells, media was removed from prepared wells. Cells then were

exposed to variable concentrations of tested compound for 24h.

2.2.5 Cell viability assays.

2.2.5.1 MTT assay.
The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)

bioassay in vitro quantifies the viable cells whose mitochondria produce the
succinate dehydrogenase enzyme converting the yellow soluble MTT to the purple
insoluble formazan crystals (Henriksson et al., 2006; Young et al., 2005). MTT
bioassay was performed as published (Alnugaydan et al., 2014; Young et al., 2005).
Briefly, after the 24h exposure to 'Once-a-year path weed, the lab-mixture of the
commercial product, amitrole, simazine or ammonium thiocyanate, the supernatant
was removed containing the dead cells. The remaining live cells (attached on the
plate) were then washed twice with PBS, and MTT reagent was added to the
prepared wells (0.2 ml medium containing 0.5 mg/ml MTT in each well). Cells were

incubated for a further 4h allowing the interaction between the tetrazolium MTT and
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dehydrogenase enzymes, a mitochondrial enzyme. This interaction occurs only in
the living cells and forms purple formazan crystals. The 80 ul of 20% SDS in 0.02 M
HCl was added to dissolve the crystals while incubating the cells overnight at the
room temperature in the dark. The absorbance values were obtained using pQuant
plate reader (Bio-Tek Instruments, INC) with 570 nm measurement wavelength and
630 nm reference wavelength. Relative viability was calculated by comparing to the

negative control (contained untreated cells).

2.2.5.2 Crystal violet assay.

CV staining assay is one of the simplest, most useful and rapid colorimetric
assays used for cytotoxicity studies (Gillies et al., 1986; Martin and Clynes, 1993;
Castro-Garza et al., 2007; Saotome et al., 1989). It stains the nuclei of live cells
only. After exposing the cells to variable concentrations of the chemicals ('Once-a-
year path weed, the lab-mixture of the commercial product, amitrole, simazine or
ammonium thiocyanate,) for 24h, the cellular viability was then assessed using
crystal violet assay. Briefly, the supernatant containing dead cells was removed,
and the attached cells were washed twice with PBS. The living adherent cells were
then stained with crystal violet stain for 10 min. Plates were gently rinsed with water
and air-dried overnight at room temperature. After dissolving the stain with 33%
acetic acid, plates were ready to be read using pQuant plate reader with a
measurement wavelength of 570 nm and a reference wavelength of 630 nm. Cell
viability was calculated by comparing to the negative control (contained untreated

cells).

2.2.6 Statistics.

Both assays were performed at least in quadruplicate for each chemical, and the
data was presented as mean * standard error of the mean. IMB SPSS software
(version 22) was used for statistical analyses. One way ANOVA with Tukey Post-
Hoc test were performed to compare data between groups and the level of
significance was expressed as p< 0.05 or p< 0.001.
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2.3 Results:-

2.3.1 Cytotoxicity assays:
HaCaT cells were exposed to Once-a-year path weed, lab-mixture, amitrole,
simazine or ammonium thiocyanate for 24h. The cytotoxicity of these chemicals

was assessed using MTT and Crystal Violet assays.

2.3.1.1 MTT assay:

The commercial product at the concentration of 0.005% showed a significant
reducing in cell viability (p< 0.001). 34.3% of the cells were killed at 0.005% of the
commercial product, but lighter doses showed less than 10% killing (see Figure
2.1a). However, the highest concentration of the lab —mixture (0.005%) presented
no significant loss of cell viability whereas only 8.6% was killed (see Figure 2.1b).
Amitrole and ammonium thiocyanate have shown almost similar results, and both of
them have no significant effects on HaCaT cell proliferation (see Figure 2.1c and d,
respectively). They did not impact the cell viability at 350 uM (29 mg/L and 27 mg/L,
respectively) or less. On the other hand, simazine induces cytotoxic activity
resulting in decreasing the number of live cells to 65.3% at a concentration as low
as 45 mg/L (223 uM). Lighter concentrations of simazine did not show any cytotoxic

effect on the human skin cells, HaCaT (see Figure 2.1e).

2.3.1.2 Crystal Violet (CV) assay.
Although CV results illustrated some killing of HaCaT cells, none of the

chemicals tested did so significantly (see Figure 2.1a-e).

2.4 Discussion.

The highest concentration of ‘Once-a-year path weed’ product was 0.005%
(v/v), and it comprises of 0.45 mg/L, 0.25 mg/L and 0.22 mg/L simazine, amitrole
and ammonium thiocyanate, respectively. The commercial product and simazine

were the only ones that are displayed cytotoxicity to the human skin cells HaCaT at
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the highest tested concentrations (0.005% and 223 uM, respectively) using MTT
assay. However, the 0.005% of the commercial product contains 22.3 uM simazine
which did not show any toxic effect when it tested by itself (see Figure 2.1 a and e).
Simazine shows significant (p< 0.05) effects on HaCaT cells at ten times the
concentration found in the commercial product. Therefore, it could be the
combination of all active ingredients together is the responsible of the toxicity.
Another possibility is that other compounds in the product that make simazine or the
combination itself more toxic. Surprisingly, the lab mixture containing the same
concentrations of the active ingredients as in the commercial product was not toxic
to the HaCaT cells using both assays. Thus, the commercial product could contain

other ingredients causing the toxicity.

Although the concentration of simazine was as low as 223 uM (45 mg/L), it
could influence the environment and people health because of its extensive use
(Oropesa et al., 2008). For example, individuals in some towns in Southwest Spain
were using contaminated water with 4.5 ug/L of simazine as a public supply, and the
maximum advisory legal limit for simazine in drinking water is extremely lower (0.1
pg/L) (Oropesa et al., 2008). Also, 30 uM (6 mg/L) of simazine induces aromatase
activity in both H295R adrenocortical and JEG-3 placental cells (Sanderson et al.,
2001). Aromatase is an enzyme converting androgen to oestrogen (Acton, 2013).
The latter is a major factor that promotes the growth and developments of breast
tumours (Acton, 2013). Thus, even a concentration as low as 45 mg/L is harmful to

the health and environment.
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Figure 2.1: Effects of Once-a-year path weed and its active ingredients on the human skin cells,

HaCaT.

The data was presented as mean * stander error of the mean whereas a) is the commercial product
itself, b) is the lab mixture (0.005%): 0.297 mM, 0.289 mM and 0.223 mM of amitrole, ammonium
thiocyanate and simazine respectively, c) is the active ingredient amitrole, d) is the surfactant

ammonium thiocyanate, and e) is the effects of the active ingredient simazine.

**=p<0.001

*=p<0.05, and
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Although some are saying that amitrole is not inducing toxicity to human
(Sellamuthu, 2014), it appears that the toxicity of amitrole to mammals is very low
(Meretoja et al., 1976). The rapid elimination of amitrole from the body without any
metabolic changes could be the reason of the low toxic effect of amitrole (Legras et
al., 1996; Sellamuthu, 2014). Meretoja et al. (1976) used much higher amitrole
concentrations than the tested one in this study, and they fund that amitrole at a
concentration of 0.2% (w/v; 2 g/L) and higher inhibited the cell growth of human
leucocytes, and cell debris was noticed on slides. The commercial product ‘Once-a-
year path weed' contains amitrole at a concentration of 5 g/L (0.5% (w/v)) which
seems to be critical, but the concentrations tested were much lower than that. The
highest concentration of amitrole that was tested individually in this study was 350
uM (29.4 mg/L). The results showed that amitrole had no adverse impact on HaCaT
cell line at this concentration, so it is not expected that amitrole will be a part of the
cytotoxic effect of the commercial product on human cells. This expectation and
results were supported by a previous study found that amitrole at lower than 0.2%
(wlv; 2 g/L) had no significant effect on the human leucocyte cell line (Meretoja et
al., 1976). Also, another in vitro study informed that 1-100 mg/L amitrole did not
demonstrate any significant effect on rat thyroid follicular FRTL-5 cell proliferation,

which was decreased slightly at 100 mg/L amitrole (Pan et al., 2011).

Ammonium thiocyanate is a slightly toxic, but its toxicity may be marked in
people with renal insufficiency (Van Hoek, 2000; Gracia and Shepherd, 2004).
However, there is a lack of in vitro studies showing the cytotoxic activities of
thiocyanate on human cell lines. In the present study, ammonium thiocyanate does
not seem to be a part of the commercial product toxicity because it presented no
harm on HaCaT proliferation at 350 uM (27 mg/L). This concentration was tenfold
higher than its concentration in 0.005% Yates® product, Once-a-year path weed.
Contaminating an aquarium with Yates® product containing 4.4 g/L ammonium
thiocyanate could become problematic to the aqua-organisms. In  water
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contaminated with thiocyanate-containing effluents, It is reported that the growth,
reproduction, and appetite of fishes have been reduced (Bhunia et al., 2000). 4
mg/L thiocyanate shows a significant effect on fish movement at 28°C (Bhunia et al.,
2000). The tested concentration of thiocyanate could impact the feeding rate of
aquatic organisms. Half of the feeding rate of fish could be decreased when
exposed to 1 mg/L thiocyanate (Bhunia et al., 2000). High concentrations, up to 154
mg/L, of thiocyanate led to fish suffered 100% mortality within 12 weeks (Lanno and
Dixon, 1996b). Although mortalities were minimal at low concentrations (35 and 77
mg/L), the level of plasma T4, a thyroid hormone, was significantly reduced at these
concentrations (Lanno and Dixon, 1996b). This depression influences thyroid

function (Lanno and Dixon, 1996b).

Crystal violet (CV) assay did not detect any significant reduction in cell viability
of HaCaT cells resulting from this study. That is why it is recommended to evaluate
cytotoxicity using multiple assays with different endpoint parameters because some
chemicals have particular mechanisms of action that may give different results using

different assays (Chiba et al., 1998a).

2.5 Conclusion.

In this chapter, the commercial product, ‘Once-a-year path weeds’ and its
active ingredients, simazine, amitrole and ammonium thiocyanate, were tested at
the 1/200 dilution for 24h. Their effects on the human skin cells, HaCaT, were
varied. Amitrole and ammonium thiocyanate are not harmful at tested
concentrations. Simazine elicited a significant effect at higher concentration than in
the tested concentration of the commercial product. The lab mixture did not show

any effect too. Thus, other compounds in the product could be part of this toxicity.
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3 CHAPTER lll: THE SECRET BEHIND ROUNDUP
TOXICITY: THE ROLE OF GLYPHOSATE AND THE
SURFACTANT, POIYETHOXYLATED TALLOW
AMINE (POEA), IN THE ACUTE TOXICITY OF
ROUNDUP.
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3.1 Introduction.

Commercial agricultural products may interact with many physiological
functions; in the exposed population, as well as in the environment (Sanderson et
al., 2000). Our bodies are frequently exposed to many exogenous agents, including
pesticides, atmospheric pollutants, cigarette smoking, or UV light (Amerio et al.,
2004; Gehin et al., 2006). Usage of pesticides in agriculture, industry and for
domestic application has markedly increased since 1990 (Maroni et al., 2000;
Tadeo, 2008). More than 90% of people use pesticides in their houses, so a large
proportion of the population exposed to pesticides (E.P.A, 2005; Maroni et al.,
2000). Glyphosate (N-phosphonomethyl; CsHgNOs) is one of the most extensively
used herbicides in the world, and over 907,000 tons of it were annually used in 2007
(Koller et al., 2012; Tadeo, 2008). It is a nonselective herbicide that inhibits the
pathway for biosynthesis of tryptophan, tyrosine, and other essential aromatic amino
acids for plant growth (Williams et al., 2000). This pathway only occurs in plants
(Williams et al., 2000). The Environment Protection Authority in South Australia
(EPA) (2005) has classified glyphosate as a low toxicity chemical. Several
glyphosate-based herbicides were tested by Marc et al. (2004a), and they estimated
that 10 to 120 uM of glyphosate is the adverse threshold dose that sufficient to
provoke dysfunction of at least one cell of the embryo of the sea urchin. Nowadays,
over 100 countries are registering a selection of glyphosate-based formulation under
different bands (Williams et al., 2000). The application of glyphosate-based
formulation has been expanded by farmers in soil construction program to prepare
their fields prior to planting (Williams et al., 2000). The recommended concentration
of glyphosate used for spraying a formulation product is 40 mM (Marc et al., 2004a).
The concentration presented in the sprayed droplets is 500 to 4,000 times higher
than the adverse threshold concentration (Marc et al., 2004a). Glyphosate has
characteristics retard its penetration into plant tissues, so it is usually mixed with
polyethoxylated tallow amine (POEA), and this formulation is commonly known as

Roundup (R-up) (Gehin et al., 2006; Koller et al., 2012; Williams et al., 2000).
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In 1974, R-up was first introduced for controlling annual and perennial weed
in residential, agricultural and industrial settings (Williams et al., 2000). It contains
glyphosate as an active ingredient and has been increasingly used over the past two
decades (Williams et al., 2000). An in vivo (skin of monkeys) and in vitro (human
skin) studies reported that the dermal penetration of glyphosate formulation
including R-up is very slow (Maibach, 1983; Wester et al., 1991). A recent study
shows harmful effects, including damaging of the cell membrane and interference of
proteins synthesis in a human buccal epithelial cell line (TR146) following the
treatment of cells with low concentrations of R-up (> 10mg/L = 0.1%) (Koller et al.,
2012). In contrast, there were no such effects resulted from treating TR146 cells
with glyphosate up to 200mg/L (Koller et al., 2012). Consequently, Koller et al.
(2012) agreed with other previous studies that the cytotoxicity of R-up formulations
is much higher than glyphosate cytotoxicity (Benachour and Seralini, 2009; Gasnier

et al., 2009)

Polyethoxylated tallow amine (POEA) is a commonly used surfactant in the
R-up formulation (Williams et al., 2000). The main purpose of POEA is to facilitate
the herbicide absorption and increase its effectiveness (Martini et al.,, 2012).
However, this compound likely contributes to the herbicide formulation toxicity (Song
et al., 2012a). An in vivo study using rabbit showed it to be severely irritating skin
and corrosive to the eyes (Williams et al., 2000; WHO, 1996). It is likely commented
that the main element responsible for human toxicity in R-up product is not
glyphosate, but the surfactants that are present in the formula (Lee et al., 2009;
Song et al.,, 2012a). Song et al. (2012a) in their study of the in vitro cytotoxicity
effect of glyphosate mixtures containing surfactants, treated three types of cells
(mouse fibroblast-like cells, alveolar cells, and heart cells) with glyphosate and two
common surfactants found in glyphosate herbicide products. They are
Polyoxyethylene tallow amine (POEA) and Polyoxyethylene lauryl amine (LN-10).

Song et al (2012a) used the MTT (3-[4, 5-dimethylthiazol-2-yl]-2, 5-
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diphenyltetrazolium bromide) assay to determine the cellular viability after exposing
cells to glyphosate, POEA, and LN-10. They observed that glyphosate did not
cause cellular toxicity in the three examined cell lines at 0-100uM concentrations
(Song et al., 2012a). However, slopes of POEA and LN-10 were steep when their
concentrations were greater than 25uM, and both were cytotoxic at concentrations

of 1-100uM (Song et al., 2012a).

In this study, we measured the cytotoxicity of the R-up, its active ingredient
(glyphosate), and the surfactant (POEA). These doses are equivalent to few
droplets. The implications of this proof of principle study may show the role of

glyphosate and POEA in the acute toxicity of R-up.

3.2 Materials and methods.

3.2.1 Chemicals.

RPMI1640 medium powder was obtained from Sigma-Aldrich. Foetal bovine
serum (FBS) was purchased from Hyclone (Victoria, Australia). Sodium bicarbonate
solution obtained from Pfizer (WA, Australia). Penicillin/streptomycin and the L-
glutamine were obtained from Gibco® (Life Technology, USA). 0.05 mM MTT (3-[4,
5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide; Sigma-Aldrich) solution
was prepared and stored at -20°C. Sodium dodecyl sulphate (20% SDS; Sigma-
Aldrich) in 0.02M HCI was prepared and kept at room temperature in a fume hood.
Crystal violet stain was prepared: 0.5% crystal violet powder (Sigma-Aldrich) in 50%
methanol (Sigma-Aldrich) and stored in the fume hood at room temperature. Acetic
acid (33%) was prepared and stored in the fume hood. Phosphate-Buffered-saline
(PBS) was prepared and stored at room temperature after it was sterilised. Regular
Roundup® ready to use was purchased from local commercial shops in South
Australia. A 50mM glyphosate (Sigma-Aldrich) solution and 10% POEA

(Novochem, Australia) were prepared and stored at -20°C.
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3.2.2 Cell culture.

HaCaT (Ha= human adult, Ca= calcium, and T= temperature) is a human
keratinocyte cell line which developed through a long-term culture of normal human
adult skin keratinocytes under low calcium concentration and temperature
(Boukamp et al.,, 1988). RPMI1640 medium was used to culture HaCaT cells.
Added to it were 10% foetal bovine serum (FBS), 2.5% sodium bicarbonate solution
and 1% of both penicillin/streptomycin and L-glutamine. These combined ingredients
are referred to as “media” from here onwards. 75cm? culture flasks (Sigma-Aldrich)
were used to grow HaCaT cells till they reach 70-80% confluence. The medium was

then changed every three days, and cells were subcultured every seven days.

3.2.3 Dosing.

R-up, glyphosate, and POEA doses were made up for each experiment. A
1/20 dilution (0.05%) of R-up containing 21.3 uM glyphosate and 112 uM POEA was
made up before seven 1/10 serial delusions were prepared. Six 1/10 serial
delusions of 50mM glyphosate were prepared as well. 0.001, 0.0008, 0.0006,
0.0004, and 0.0002% (22.4, 17.9, 13.5, 9, and 4.5uM, respectively) of POEA were

prepared.

3.2.4 Preparing plates.

For both MTT and crystal violet assays, HaCaT cells were seeded in 96-well
microplates (1 x 10* cells/well in RBMI 1640 medium and 10% FBS), and the plates
were incubated for 24h in 37°C and a 5% CO: incubator for cell adherence. After
the cells adhered, the media was removed from the prepared wells. Cells were

exposed to a variable concentration of tested compound for 24h.

3.2.5 Cell viability assays.
3.2.5.1 MTT assay.

The commonly used MTT bioassay was performed as published by Young

et al. (2005) and Alnugaydan et al. (2014). It is described as in section 2.2.5.1.
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3.2.5.2 Crystal violet assay.

The Crystal Violet assay was performed as in section 2.2.5.2

3.2.6 Statistics.

Both assays were performed at least in quadruplicate for each chemical, and the
data was presented as mean % stander error of the mean. IMB SPSS software
(version 22) was used for statistical analyses. One way ANOVA with Tukey Post-
Hoc test was performed to compare data between groups, and p < 0.05 was

considered significant.

3.3 Result.

3.3.1 Estimating the mitochondrial activity using MTT assay.

The average absorbance was assessed from the negative control wells
containing untreated cells. The average absorbance of the control considered as
100% relative survival. The percentage of relative survival resulting from each
concentration was obtained by comparing the average absorbance of each
concentration with the negative control. One way ANOVA with Tukey Post-Hoc test
was then run on all samples to obtain the significant results comparing to the
negative control.  Glyphosate shows no significant effect on HaCaT cells
proliferation. At its highest concentration (5 mM) no significant reduction in cell
number was seen (see Figure 3.1b). However, the cell number was significantly
decreased (p <0.05) after treating cells with 0.05% R-up, which killed almost half of
the cells with respect to the negative control (see Figure 3.1a). Moreover, POEA
shows a dose-dependent inhibition of cell proliferation after the 24h. Significant
killing of cells (p <0.001) were illustrated at 13.6 pl and higher of POEA (see Figure

3.1c¢).

3.3.2 Estimating the cell survival using crystal violate assay.

Cell viabilities and significant results were performed as in MTT bioassay

(section 3.3.1). No inhibition of cell proliferation was noticed after treating cells with
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glyphosate for 24h (see Figure 3.1b). On the other hand, 0.05% R-up shows a
significant killing (p <0.05). Thus, over 50% of HaCaT cells were detached from the
plate and floated at that concentration resulting in a significant decrease in the
survival cell number (see Figure 3.1a). Also, POEA shows similar dose-depending
as in MTT assay. The significant killing was occurred at 9 uM POEA and higher (p

<0.001; see Figure 3.1c).
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Figure 3.1: Detecting of potential toxicity of HaCaT treatment for 24h.

Percentages of the relative survival after the treatment with a) R-up, b) glyphosate and c)
POEA . The percentages are shown as the mean * the standard error of the mean from a)
four experiments, b) seven experiments and c) four experiments. They are expressed relative
to the medium (zero control). * p <0.05, and ** p <0.001.
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3.4 Discussion.

The MTT assay shows similar results to the Crystal violate assay. The
Crystal violet assay displayed a lower cell number than the MTT assay, and that
could be due to losing some cells through the washing step. In this study, the
results show that glyphosate had a lower cytotoxic effect than Roundup (R-up), and
that is consistent with what has been published previously using higher
concentrations (Gasnier et al., 2009; Benachour and Seralini, 2009; Kaoller et al.,
2012). Even the highest concentration of glyphosate, 5 mM (845.4 mg/L), did not
present any serious loss in viability of HaCaT cells. This result was expected
because glyphosate only blocks a particular plant pathway for biosynthesis of some
essential aromatic amino acids (Williams et al., 2000). Its acute toxicity is also
considered to be low as its dermal and oral median lethal dose (LDsg) exceeded the
5000 mg/kg rat's body weight, and it is not irritating rabbit skin (WHO, 1996;
Williams et al., 2000). Moreover, up to 200 mg/L (1.18 mM) glyphosate did not
show any effects on TR146 cell line using three cytotoxicity assays (Koller et al.,
2012). Glyphosate starts affecting TR146 cells in LHDe assay at =80 mg/L (0.47
mM) (Koller et al., 2012). In this study, the percentage of the dead cells increased
up to 13.7% after treatment with 5 mM glyphosate for 24h using MTT assay. Almost
the same result has been detected using trypan blue assay (17 % dead cells) when
3T3-L1 fibroblast cells were treated with 1:2000 dilution (1.24 mM) of glyphosate

formulation (Martini et al., 2012).

Although R-up dermal penetration is slow, 24h treatment of 0.05% R-up
containing 21.3 uM glyphosate and 112 uM POEA resulted in a significant decrease
in HaCat cell viability using both MTT and crystal violet assay (p < 0.05). Almost
half the cells died (47%) compared to the negative control after 0.05% R-up
treatment in MTT assay. The same treatment resulted in an even higher number of
dead cells (65%) using crystal violet assay. The LDsp of 0.7% R-up is 1.8 times

lower than glyphosate at the equivalent concentration (Richard et al., 2005). The
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addition of 0.1% R-up increased the toxicity of glyphosate against JEG3 placental
cells (Richard et al., 2005). Furthermore, 0.8% R-up containing 8 mM glyphosate
induced a delay in entry into M-phase of the cell cycle in sea urchin embryos leading
to delay in cell cleavage, whereas no such effect was detected with glyphosate-

alone treatment (Marc et al., 2002).

The cellular toxicity of POEA was observed to be dose-dependent (2.2 —
22.4 uM) in HaCaT cell line using MTT and crystal violet assays as well as in other
cell lines tested previously by Song et al. (2012a)including mouse fibroblast-like
cells (L-929), heart (H9C2) and alveolar cells (A549). Nevertheless, glyphosate did
not show such toxicity (0 — 100 uM) in this study, nor in the three examined cell lines
in the preceding study (Song et al., 2012a). POEA at 22.4 uM provoked a 96.7%
and 95.9% reduction of HaCaT cells compared to the negative control (p < 0.001) in
MTT and crystal violet assay, respectively. This result was quite similar using XTT
(2,3-bis(-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxyanilide inner salt)
assay when L-929 cells were treated with = 25 yM POEA where it resulted in a
mitochondrial suppression of up to 96.5% (p < 0.05) (Song et al., 2012b). Another
study examined several surfactants shows that POEA was the most active
surfactant that causes membrane damage which was assessed by lactate
dehydrogenase (LDH) assay (Song et al., 2012b). In this study, the POEA toxicity
significantly appeared in both assays at the concentration of 13.6 uM, but this
concentration within R-up did not show a toxic effect on the human skin cells,
HaCaT. Indeed, the toxicity of R-up started when the POEA concentration reaches
112 uM. Therefore, testing a combination of glyphosate and POEA in various
concentrations is required in the future to determine whether glyphosate attenuates

POEA toxicity or not.

In conclusion, this study found that R-up toxicity does not come from the

active ingredient glyphosate, but from POEA, the surfactant.
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4 CHAPTER IV: EFFECTS OF CAFFEINE ON THE
CYTOTOXICITY OF THE TESTED HERBICIDES
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4.1 Introduction.

Caffeine (CsH10N4O>) is the most consumed natural psychoactive substance all
over the world (Bode and Dong, 2007). It can be found in many dietary sources,
including coffee, tea, soft drinks, energy drinks, and chocolate bars (Bode and
Dong, 2007; Han et al.,, 2011; Somogyi, 2010). The estimated consumption of
caffeine from all sources is about 70-76 mg/person/day, which is equivalent to
approximately 1.1 mg/kg/day (Fredholm et al., 1999). Caffeine is absorbed within
the first hour of ingestion and rapidly distributed throughout the body reaching the
brain where it works as a stimulant of the central nervous system (CNS) (Bode and
Dong, 2007; Green et al.,, 2010). The half-life of caffeine for doses less than 10

mg/kg ranges from 2.5 to 4.5h in human (Fredholm et al., 1999).

In vivo studies have shown that 5-10 uM caffeine results in mild stimulation
of the central nervous system (CNS) (Green et al., 2010). Greater concentrations
(50 uM or more) are associated with cardiac stimulation (Green et al., 2010).
Consumption of 50-600 mg caffeine/kg leads to 20-57 uM concentration of caffeine
in the blood, and ingestion of large doses of caffeine results in toxic effects with an
LDsp of 200 mg/kg in rats (Fredholm et al., 1999; Green et al., 2010). Cardiac and
CNS stimulation could be caused by these concentrations (Green et al., 2010).
Caffeine may be associated with reducing cancer risk (Dubrow et al., 2012).
Caffeine inhibits cyclooxygenase-2 (COX-2) pathway, a critical oncogene pathway,
resulting in reducing the chemicals-induced skin tumour progression (Fischer et al.,
2007). An in vivo study indicates that caffeine represses tumour progression and
inhibits chemical carcinogenesis in rat and mouse skin models, respectively
(Nishikawa et al., 1995; Rothwell, 1974). Moreover, caffeine has a potential
chemopreventive activity (Chin et al., 2011). It interferes with mutagens and
carcinogens such as acridine orange, actinomycin, daunomycin, and others by
reducing their binding to DNA, and acting as an intercalation inhibitor (Chin et al.,
2011; Davies et al., 2001). During cell cycle progression, caffeine abrogates the
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delay periods of G1/S and G2/M checkpoints, so cells with damaged DNA have less
time for repair, and eventually they undergo apoptosis (Bode and Dong, 2007; Han
et al., 2011, Lu et al., 2008a). Caffeine shows some effects on G1 and G2 phases
through both p53-dependent and p53-independent mechanisms (Bode and Dong,
2007). At high concentrations of caffeine (10mM), DNA repair is inhibited during S
phase (Auclair et al., 2008). Kastan et al. (1991) reported that treating myeloblastic
leukaemia (ML-1) cells with 4mM caffeine blocked both the induction of p53
expression and the G1 arrest after Y-irradiation (Kastan et al., 1991). Qi et al.
(2002) found that although 0.5 mM caffeine did not induce apoptosis in the human
A549 lung adenocarcinoma cells (even at 96h of treatment). Apoptosis is induced in
approximately 15% of the cells at higher concentration (5 mM), and this amount was
doubled to 31% when cells treated with Y radiation plus 5 mM caffeine (see Figure
4.1) (Qi et al.,, 2002). They, also, found that 24h treatment with 5 mM caffeine
inhibited the activation of cyclin-dependent kinases 2 (Cdk2) resulting in cyclin
E/Cdk2 complex inhibition, which leads cells to arrest in G1 phase (Qi et al., 2002;
Bode and Dong, 2007). Another study showed that 2mM of caffeine suppressed
75% of G1/S progression (Kaufmann et al., 2003). However, it has no effect on
G2/M progression (Bode and Dong, 2007; Kaufmann et al., 2003). Generally,
caffeine seems to affect the cell cycle in diverse ways, which appears strongly
dependent on caffeine concentration and cell type (Bode and Dong, 2007; Traganos

et al., 1993).

Other target proteins of caffeine identified in vitro are ataxia telangiectasia
mutated (ATM) protein and AT-related (ATR) protein (Bode and Dong, 2007). Both
proteins belong to the phosphatidylinositol-3 (PI-3) kinase group, which is
associated with critical signalling pathways for tumour development (Krasilnikov,
2000). Caffeine suppresses the activation of ATM or ATR and several of PI-3
kinases at 0.075-1.0 mM concentrations (Brazil et al., 2004; Sarkaria et al., 1999).

Moreover, the cytotoxicity of several aromatic compounds interacting with DNA is
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diminished in the present of caffeine (Traganos et al., 1993). For example, in a
dose-dependent manner, caffeine reduces the cytotoxic effect and apoptotic
response induced when HL-60 cell line treated with 0.15 uM camptothecin or
topotecan (DNA topoisomerase | inhibitors) (Traganos et al., 1993). In contrast to
this potentiating activity, Caffeine tends to increase the cytotoxicity and the toxic
effect of a variety of DNA-damaging agents including ionising radiation (IR) and
alkylating compounds in human cancer cell lines (Bode and Dong, 2007; Traganos
et al., 1993). Also, Gunter et al. (2012) found that there is an inverse relationship
between coffee drinking and endometrial cancer regardless of caffeine content and
that caffeine may mediate this inverse association (Gunter et al., 2012). The same
relationship was observed between caffeine intake and the risk of glioma, a common
form of brain cancer (Holick et al., 2010). Although Dubrow et al. (2012) support the

latter assaociation; they found no evidence of a dose-dependent relationship between

caffeine intake.

Figure 4.1: Apoptotic cells by microscopy.

Apoptosis induced in A549 cells by 5 mM caffeine is confirmed by electron microscopy.
Panel A refers to untreated cells; panel C refers to cells exposed to 5mM caffeine. The
arrow in A points to an intact nuclear membrane, and arrows in C point to condensed
nuclear chromatin, and the bar at the bottom of both panels represents 0.1um (Qi et al.,
2002).

This chapter will present the effect of caffeine on the proliferation of human

blood cell line, WIL2-NS, using MTT (3-[4, 5-dimethylthiazol-2-yl]-2, 5-
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diphenyltetrazolium bromide) and trypan blue assays. Caffeine is the most ingested
substance and people are frequently exposed to herbicides either directly (applying
it) or indirectly (through food) (Bode and Dong, 2007; Tadeo, 2008). Therefore,
combinations of caffeine-herbicides will be tested to determine whether or not that
caffeine could affect the cytotoxic activities of some commercial herbicides and their
active ingredients. Roundup (R-up), once a year weed killer, and/or their individual
active ingredients will be mixed with caffeine to treat human blood cell line, WIL2-

NS.

4.2 Material and Methods.
421 Chemicals:

All used chemicals and materials were the same as in section 2.2.1.

4.2.2 Cell culture and medium:

The human non-secreting B lymphocyte cell line, WIL2-NS, was used (see
section 1.4.1.2). RPMI1640 medium is the optimum medium to culture WIL2-NS
cells. Added to it were 10% foetal bovine serum (FBS), 2.5% sodium bicarbonate
solution and 1% of both penicillin/streptomycin and L-glutamine. These combined
ingredients are referred to as “media” from here onwards. 25 cm? culture flasks
(Sigma-Aldrich, USA) were used to grow WIL2-NS cells till they reach 70-80%
confluence. The medium was then changed every three days, and cells were

subcultured every seven days.

4.2.3 Dosing.

Doses were made freshly before each experiment. For caffeine experiment,

five doses were required at the concentrations of 5, 25, 50, 100, 500 uM. Double of

these concentrations were prepared because they were diluted (1:2) when cells are

seeded.

For the combination (caffeine plus herbicides) experiment, the two highest
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concentrations of all chemicals tested in chapter one and two were combined with

two doses of caffeine. Table | shows the exact concentrations.

4.2.4 Treating WIL2-NS cells.

4.2.4.1 Caffeine treatment.

WIL2-NS cells were seeded in a six-well plate at a concentration of 5X10°
cells/ 0.5 ml/ well. Another 0.5 ml of double the required caffeine concentration was
added to each prepared well, so the concentration was diluted to the required dose.
Cells were then incubated for 1, 4, and 24h in 37°C, 5% CO, incubator. After
incubation (treatment), cells in each well were transferred to a 10 ml tube, and
washed twice with medium, and centrifuged at 800-900 rpm for 5 min. The
supernatant then was discarded, and the pellet resuspended in 0.5 ml medium. At

this stage, the concentration of the cells is 1x10° cells/ml.

4.2.4.2 Caffeine-herbicides treatment.

Double the required concentrations of the herbicides and caffeine were
prepared. In a 24-well plate, 2x10° cells/ 0.1 ml were added to each well. The
volume is then increased to 1 ml by 0.5 ml caffeine and 0.4 ml Herbicides. Cells
were then incubated for 4h in 37°C CO. (5%) incubator. After incubating the
prepared plate, cells in each well were washed and suspended the same way as in

section 4.2.5.1.1, but the cell concentration was 2x10° cells/ml.
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Table I: Combinations of caffeine and herbicides.

Caffeine (uM)

Chemicals

Glyphosate (uM)

eI YMY)

One a year path

weed (%)

Lab mixture of
‘Once-a-year path

weed (%)

Amitrole (uM)

Amm. thiocyanate

(mM)
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22.3 22.3 22.3

223 223 223

4.2.5 Cell viability assays.
4.25.1 MTT assay

4.2.5.1.1 Caffeine treatment.
A 0.1 ml of suspension (prepared in section 4.2.4.1) was added to 0.9 ml

medium in a 24 well plate to have 1x10° cells/ml. To prepare MTT-Cell mixture for
each dose, a 0.5 ml (contains 5X10* cells) from the previous step was added to 0.22
ml media plus 0.08 ml of 5 g/mg MTT solution. From the prepared MTT-Cell mixture
a 0.16 ml was transferred to a 96 well plate. Each dose had four replicates. The
loaded plate was then incubated for 4h in 37°C 5% CO; incubator. After the 4h
incubation, 50 ul of 20% SDS in 0.02 HCI was added to each well & incubated
overnight (o/n) at room temperature in the dark. In the next day, a
spectrophotometer was used to read the treated plates at 570nm with background
absorbance 630nm wavelength.
4.2.5.1.2 The combination treatment

A 50 pl of a suspension containing 1X10* cells was transferred to a 96
well plate. Four replicates were performed for each dose. The volume in the
prepared wells was raised up to 0.11 ml using MTT solution (0.5 g/mg). Thus, the
total volume of MTT-Cell mixture in each well was 0.16 ml containing 1X10* cells.
The prepared plate was then incubated for 4h in 37°C 5% CO; incubator. After the
4h incubation, 50 ul of 20% SDS in 0.02 HCI was added to each well & incubated
o/n at room temperature in the dark. In the next day, the treated plates were then

read using a spectrophotometer (570nm, 630nm wavelength).
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1/16mnt

Figure 4.2: Haemocytometer grid.

(Wikimedia, 2015).

Equation 4-1: Calculating cell concentration (cells/ml)

Cell/ml= the average of viable cells X 2 (dilution factor) X 10* (correction factor)

Equation 4-2: Evaluating the average of the viable cells.

total # of counted cells

A jable cells =
vrage of viable cells # of the counted squares

4.2.5.2 Trypan blue assay for the combination treatment.

A 50 ul was taken from the cell suspension prepared in section 0 and
stained with 50pl Trypan blue making 1:1 dilution. A 10 pl of the stained cells was
loaded into each chamber of a haemocytometer. Using light microscopy, viable and

dead cells was counted in large squares (Imm?; see Figure 4.2). The average of
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viable cell count was calculated using Equation 4-2Error! Reference source not

found.. Also, cell concentration (cells/ml) was calculated using Equation 4-1.

4.2.6 Statistics.

The minimum replicates that were performed in both caffeine treatment and
caffeine-herbicides treatment were quadruplicate. The data was presented as mean
+ standard error of the mean. Also, IMB SPSS software (version 22) was used for
statistical analyses. One way ANOVA with Tukey Post-Hoc test were performed to
compare data between groups and the level of significance was expressed as p<

0.05 or p< 0.001.

4.3 Results.

4.3.1 Caffeine treatment.

WIL2-NS cells were exposed to different caffeine concentrations (5, 25, 50,
100 and 500 uM) for various time exposure (1, 4 and 24 hours). All caffeine’s
concentrations within the three exposure times showed no effects on the

proliferation of B lymphocyte cells (see Figure 4.3).

120 +

100

80

60 m1h
m4h

40 m24h

Relative survival (%)

20
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Figure 4.3: The effect of caffeine on WIL2-NS cells after 1, 4, 24h treatments.
The data was presented as mean * standard error of the mean.
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4.3.2 Caffeine-herbicides treatment.

The two products and their active ingredients were mixed with caffeine and

the toxicity of the mixtures was examined using MTT and trypan blue assays.

4.3.2.1 Roundup product.

For roundup (R-up) product, two concentrations of R-up and glyphosate
and three doses of POEA, the surfactant, were mixed with tow caffeine
concentrations. Using the MTT assay, the commercial product showed a significant
(p< 0.05) reduction in cell viability at 0.05% only when it was mixed with caffeine
(see Figure 4.4). Glyphosate results did not show any adverse effect on the WIL2-
NS cells (see Figure 4.4). A significant cell killing has been shown in a dose-
dependent pattern when cells exposed to the surfactant, POEA. The significant (p<

0.05) decrease started at 13.6 uM whether it combined with caffeine or not (see

Figure 4.4).
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Figure 4.4: Effects of the combination of caffeine-roundup (R-up), caffeine-glyphosate
and caffeine-POEA on WIL2-NS exposed for 4h using MTT assay.

The data was presented as mean + stander error of the mean. The level of
significance was expressed as p< 0.05 whereas * is comparing data with media
(negative control), and ¥ is comparing data with caffeine of the same concentration.
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Figure 4.5: The toxicity effects of caffeine-R-up, caffeine-glyphosate and caffeine-POEA
combination on the WIL2-NS cells using trypan blue assay.
The data was presented as mean * stander error of the mean. The level of significance
was expressed as p< 0.05 whereas * is comparing data with media (negative control), and
¥ is comparing data with caffeine of the same concentration.
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Figure 4.5 showed the trypan blue results derived from exposing the WIL2-NS cell
line for 4h to R-up-, glyphosate- and POEA- caffeine combinations. Caffeine-
glyphosate and caffeine-POEA did not present any significant cell diminishing after
exposing the WIL2-NS cells for 4h. Only when roundup was mixed with caffeine,

the cell proliferation was significantly impacted.

4.3.2.2 Once a year path weed product.

Treating WIL2-NS cells with caffeine-path weed Killer did not result in
significant toxic activity after 4h exposure. Caffeine-active ingredients mixtures
showed the same thing except at the highest concentration of both caffeine and

herbicides whereas they reach over 200% cell viability (see Table ).

The results derived from using trypan blue assay did not detect any toxicity

agonist the WIL2-NS cells (see Table II).

4.4 Discussion.

The acute toxicity of caffeine is low, and the risk of accidents (inhalation,
contact or ingestion) at worksites is negligible (Oestreich-Janzen, 2016). The
European Food Safety Authority (E.F.S.A (2015), concluded in their publication on
the safety of caffeine that the adult daily consumption of up to 400 mg caffeine as a
habit intake from all sources do not give rise to safety concerns. In this study, it
seems that caffeine between 50-500 pM is safe on the B lymphocyte cell line. No

significant cell reduction was appraised after 1, 4 or 24h treatment.

No previous studies examined the effect of the combination of caffeine and
herbicides. Four hour exposure to 0.05% (500 mg/L) R-up was enough to cause a
significant killing (p< 0.05) compared to the negative control using MTT assay, but
the cell killing did not reach the significance using trypan blue assay. The human

cell line TR146 was exposed to different concentrations of R-up for 20 minutes, and
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the significant effect was seen at dose level higher than 40 mg/L using XTT (2,3-
bis(2-methoxy-4-nitro-5-sulfophenyl)-5-[(phenyl-amino)carbonyl]-2H-tetrazolium
hydroxide) assays (Koller et al., 2012). However, when R-up mixed with caffeine,
the cell killing in both assays was slightly higher than R-up alone, and both assays
detected significant cell reductions (p< 0.05) comparing to the negative control and
caffeine treatments. A 0.05% R-up contains 21.3 pM (3.6 mg/L) glyphosate and 112
uM (50 mg/L) PORA. Glyphosate at much higher concentrations (0.5 and 5 mM)
was not toxic to the B lymphocyte WIL2-NS cells even when it mixed with caffeine.
Glyphosate at 200 mg/L (1.2 mM), also, was not toxic to TR146 cells treated for 20
minutes (Koller et al., 2012). Treating WIL2-NS cells with POEA for 4h showed a
dose-dependent effect giving a significant reduction in the cell viability (p< 0.05) for
the three tested doses (13.6, 17.9 and 22.4 uM) comparing to the negative control
using MTT assay. POEA at 25 uM suppressed 96.5% of the mitochondrial function in
the L-929 cell line derived from mouse fibroblasts (Song et al., 2012b). On contrast,
the results were different using trypan blue assay whereas there were not effects
derived from the three doses. The reason for that may because 4h POEA treatment
loses some of the cell functions including mitochondrial ones, but it did not affect the
membrane integrity. The healthy cells and cells that losing functions but still alive
cannot be distinguished using trypan blue staining assay (Dojindo, 2016). Caffeine
increased the influence of POEA, but the cell proliferations were not affected
significantly comparing to the effect of POEA itself. However, compared to negative
and caffeine controls, these influences were significant (p< 0.05), and they exhibited

in a dose-dependent manner.

The second commercial product, the path weed killer, and its active
ingredients were not toxic to the WIL2-NS cells at the tested concentrations for 4h
treatment. Even when they are combined with 50 and 500 uM caffeine, there were
no toxic effects illustrated in both MTT and trypan blue assays. Regarding amitrole,

this result was expected because Its toxicity is considered to be low (Sellamuthu,
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2014). Twenty hours exposure of 1.2 mM amitrole (100 mg/L) has no significant
impact on the proliferation of the rat thyroid follicular cells (Pan et al., 2011). The
highest tested concentration of amm thiocyanate was 27 mg/L (0.35 mM). An in
vivo study showed that the thyroid hormone L-thyroxine (T4) have been reduced at
35 mg/L amm thiocyanate leading to thyroid dysfunction, but there were no
significant modifications in the morphological and histological characteristics of
rainbow trout fishes (Lanno and Dixon, 1996b). However, the effects of thiocyanate
rely on the temperature, pH and hardness of the water (Bhunia et al., 2000).
Treating WIL2-NS for 4h by 22.3 and 223 uM simazine was not affecting cells
proliferation. Another study supported this result when the human ovarian KGN
cells exposed to 0.1 to 1 pM simazine for 24h and there was no decrease in its
viability and/or proliferation (Park et al., 2014). Surprisingly, mixing the highest
concentrations of the lab mixture, amitrole, amm thiocyanate and simazine with 500
uM caffeine resulted in significant increases of cell viabilities (p< 0.05) only using
MTT assay. The reason why that increase did not appear using trypan blue assay is
that caffeine increases, in part, the biogenesis of the mitochondrial (McConell et al.,
2010). Caffeine increases the intracellular calcium (Ca*?) which increases the
mitochondrial matrix Ca*? (McConell et al., 2010). The latter regulates the activities
of some mitochondrial dehydrogenases (Finkel et al.,, 2015). It, also, increases
some markers which activate mitochondrial biogenesis (McConell et al., 2010).
Increased cytosolic Ca*? by caffeine, moreover, induce the nitric oxide synthase
(NOS) activity which, also, linked with mitochondrial biogenesis progression (see

Figure 4.6) (McConell et al., 2010).

4.5 Conclusion.

To sum up, exposing WIL2-NS cell line to Roundup (R-up) and its surfactant,
polyethoxylated tallow amine (POEA) for 4h resulted in a significant decrease in cell
viabilities. Combining caffeine with herbicides did not significantly increase the

effects of the herbicides on WIL2-NS cells, nor did it protect the cells.
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Table Il: The results of caffeine-Yates® product combination using MTT and trypan blue assays.

MTT assay Trypan Blue assay
Caffeine (uUM) Caffeine (uM)
Chemicals

0 50 500 0 50 500
Caffeine (uUM) 90 % 108 % 110 % 99.3 %

0.0005 88.7% 61.8% 69.1% 93.1% 97.3% 110%

Path Weed Killer (%)

0.005 85.8% 73.6% 94.3% 112.6% 112.7% 108%

0.0005 140% 91.5% 130% 108% 91.4% 103%

Lab Mixture (%)

0.005 86.4% 116% 292% (*;i;¥) 92% 119% 114%

35 148% 118% 111% 103% 102% 104%

Amitrole (uM)

350 164% 130% 256% (*) 108% 111% 104%

35 133.4% 153% 128% 115% 114% 99%

Ammonium thiocyanate (uUM)

350 126% 158% 226% (*) 102% 105% 119%

22.3 78.6% 112% 95.4% 94.6% 98.5% 90%

Simazine (UM)

223 99.3% 123% 220% (*; i) 96.5% 95.4% 102%

The data was presented as mean + stander error of the mean. The level of significance was expressed as p< 0.05 whereas * is comparing data with media
(negative control), ¥ is comparing data with caffeine of the same concentration and i is comparing to the chemicals at the same concentration.
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Figure 4.6: the pathways to regulate the mitochondrial biogenesis by caffeine and amide-

ribonuleoside (AICAR).
(McConell et al., 2010)
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5 CHAPTER V: MAJOR FINDINGS AND GENERAL
DISCUSSION.
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People are exposed to agricultural products either directly or indirectly (Bi et
al., 2011). This work is based on the two principal ways in which humans could be
exposed to the agricultural products. The first one is to assess the cytotoxicity of
direct contact with droplets of two commercial herbicidal products plus their active
ingredients on human skin. Also, this part of the study illustrated how certain
chemicals that potentially play key roles of the products’ cytotoxicity. The second
part is to see if caffeine, the most consumed substance, increase or decrease the
level of the toxicity of these chemicals when they reach the blood stream whether

through dietary ingestion or penetrating the skin.

In the first part, the human skin cells, HaCaT, was exposed to low doses of
the herbicides and their active ingredients for 24h. HaCaT cells are non-tumorigenic
human keratinocyte cells with the ability to adhere to plastic surfaces. The
cytotoxicity was measured using MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide) and crystal violate assays that have different end points. MTT
is a calorimetric assay that based on the mitochondrial function in the viable cells
(Henriksson et al., 2006; Young et al., 2005; Dojindo, 2016). Crystal violet staining
assay is widely used to stain the adhered living cells in experimental plates (Castro-
Garza et al., 2007; Vandersickel et al., 2011). Both commercial herbicides were
significantly toxic at a concentration as much as 0.005% of the product. These
toxicities were matching the effects of some of their active ingredients and
surfactants. The surfactant, polyethoxylated tallow amine (POEA), was the main
responsible for the toxicity of Roundup® (R-up) because its cytotoxic events
appeared at much lower concentrations than the concentration fund in the
commercial product. In once a year path weed product, simazine seems to be the
source of the cytotoxicity of the commercial product. However, studying the toxicity
of ammonium thiocyanate mixed with amitrole is required because its effects could
be amplified when is mixed with the active ingredient amitrole (Balkisson et al.,

1992).
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The blood B lymphocyte WIL2-NS cell line was used in the second part of
this study. They are cells that were originally isolated from the spleen (Levy et al.,
1968; ATCC, 2014). These cells are suspension cells, so crystal violet assay has
been replaced with trypan blue assay beside the MTT assay. The Trypan blue
assay is based on the membrane integrity, so the cytoplasm of the dead cells with
damaged membrane will be stained (Dojindo, 2016; Avelar-Freitas et al., 2014;
Chung et al., 2015). Two caffeine doses (50 and 500 uM) were mixed with the two
commercial herbicides to study the effect of the caffeine on the cytotoxicity of these
herbicides. The time exposure was 4 hours as it is the half-life of caffeine in human
(Fredholm et al., 1999). The results of these combinations showed that caffeine did
not significantly affect the toxic activities of the herbicides even though it's present

with some herbicidal chemicals were slightly more toxic.

Figure 5.1 shows comparisons of R-up, Path weed killer, POEA and
simazine effects within 4h and 24h treatments using MTT assay. Four-hour
treatment was sufficient to increase significantly the cell killing of WIL2-NS cells by
R-up and POEA at the concentration of 0.05% (containing 213 uM glyphosate and
112 uM POEA) and 13.6 uM, respectively. Also, 24h treatment of POEA at 22.4 uM
resulted in a significant (p< 0.05) reduction of the cell viability comparing to its 4h
treatment (see Figure 5.1C). Although simazine did not suppress the mitochondrial
activities in the 4h experiment, the 24h effect of 223 uM simazine was significant (p<
0.05) comparing to both the negative control and its 4h treatment (see Figure 5.1D).
The other chemicals including glyphosate, amitrole, amm thiocyanate and the lab

mixture did not show any significant results in 4h nor 24h.

In the future, several areas could be addressed to this sort of study. For example,
using flow-cytometric analysis, the cell death mechanisms or the mechanism of
action that result from the cytotoxicity of the selected chemicals could be determined

whereas flow cytometric methods use the changed characteristics such as
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alterations in DNA or in membrane integrity to assess apoptosis or necrosis cell
death, respectively (Bertho et. al, 2000). Western Blotting technique for p53 could,
also, be performed to elucidate the carcinogenic effects of samples on the selected
cell line. The main role of p53 is that detecting DNA damage or oncogenic stress
during a cell cycle then blocking this cycle. Therefore, as soon as it is down-
regulated, unchecked proliferation of mutant cells appears (Coutts et al, 2009).
Genotoxic and cytotoxic effects could be measured by implying a comprehensive
assay known as The cytokinesis-block micronucleus (CBMN) assay (Fenech, 2007).
It measures the DNA damage events happened in once-divided binucleated cells
and include and measures the apoptotic and necrotic cell death (Fenech, 2007;

Koller et al, 2012).
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Figure 5.1: Treating WIL2-NS cells for 4h and HaCaT cells for 24h with (A) Roundup, (B) once a
year path weed, (C) POEA and (D) simazine.

The data was presented as mean + standard error of the mean. The level of significance was expressed
as * = p< 0.05 and ** = p< 0.001 and both compared with the negative control Medium. ¥ is a significant

result (p< 0.05) comparing data with 4h treatment.
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Appendix I: The preparation of the used reagents

The preparation of reagents that were used during this study was as follow.

RPMI 1640 (10% FBS) medium:

1) Powder: One litter of stock medium was prepared by dissolving 10.44 g of
RPMI 1640 media powder, 0.269 g of L-Glutamine powder, and 10 ml of
penicillin/streptomycin in 940 ml of MQ water. After that, pH was adjusted to
7. This solution can be stored at -20°C to be used later. If it was frozen, it
dissolved at 37°C in a water-bath before adding 100ml of FBS, 25ml of
Sodium bicarbonate and 3 ml of BME to the solution. The final solution was
then filtered using a 0.22 um filter, and stored at 4°C.

2) Liquid: Worming the 500 ml medium in the water-bath (37°C) for 10
minutes. FBS (50 ml) and Sodium bicarbonate (18 ml) were filtered using a
0.22 pm filter and added to the worm medium. The final solution was then
stored at 4°C.

Phosphate Buffered Saline (PBS):

Preparing 1X PBS:
NaCl (8 g), KCI (0.2 g), Na;HPO, (1.44 g) and NH:PO. (0.24 g) were

dissolved well by mixing them together in 900 ml of MQ water in a 1 L volumetric
flask. The saline was then adjusted to pH 7.4, and the volume increased to 1 L.
After that, it was poured in a 1 L glass schott bottle, which was sent to the autoclave,
or it directly filtered in the schott bottle using 0.22 pm filter. The sterilized PBS was

stored at room temperature on a bench.

Preparing 10X PBS:

It is prepared the same way as 1X PBS, but the amounts of the four
chemicals were 10 times higher. They were dissolved in the same volume of MQ
water. To prepare 1X PBS from the sterilized 10X PBS, 50 ml of 10X PBS mixed

with 450 ml MQ water. Both PBSs were stored on the bench at room temperature.

MTT stock solution:

Thiazolyl Blue Tetrazolium Bromide (MTT; 250 mg) was dissolved in 50 ml of
1X PBS. The solution was then filtered and stored at -20°C.
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Crystal violet staining in 50% methanol solution:

Methanol (50 ml) was added to 50 ml MQ water to prepare 50% methanol. CV
powder (0.5 g) was added to the 100 ml of 50% methanol. The solution was stored

at the room temperature in a fumes hood.

Acetic acid (33%):

MQ water (77 ml) was transferred to a schott bottle. Acetic acid (33 ml) was
added to the measured MQ water in the schott bottle. The solution was stored at

room temperature in a fumes hood.

B-Mercaptoethanol (BME):

This solution stores at 4°C after 30 um of 2- Mercaptoethanol was added to

100 ml of filtered water.

SDS (20%) in 0.02 M HCI:
One molar HCI was prepared by adding 7.5 ml of 36% HCI to 82.5 ml of MQ

water. To make 20% SDS in 0.02 M HCI solution, 20 g of Sodium Dodecyl sulphate
was dissolved into 98 ml of MQ water. Two ml of 1 M HCI was then added to the

solution which was stored at room temperature.

Trypan Blue (TB):
NaCl (0.9 g) was dissolved in 100 ml of MQ water. Trypan blue powder (0.2

g) was then added. The solution was filtered and stored at 4°C.
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Appendix Il: Standard curve derived from MTT and Crystal
violet assay.

The same steps were used in both assays. After obtaining the ODs using the
spectrophotometer (see Table A 1), the mean, and the standard deviation (SD) of
the replicates ODs were assessed. The coefficient variations (Coff. V) were then
calculated by dividing the SD by the mean, and multiplying the result by 100 (see
Table A 2). A standard curve was then drawn (the mean of the ODs vs. The cell

number/well) (see Figure A 1).

Table A 1: The ODs of MTT standard curve 30/04/2015.

Flasks 1 2 3 4 5 6 7 8
0.223 0.223 0.239 0.241 0.292 0.375 0.519 0.696
A 0.211 0.219 0.234 0.247 0.294 0.375 0.54 0.744

0.218 0.225 0.228 0.241 0.301 0.374 0.557 0.714
0.213 0.222 0.231 0.237 0.291 0.373 0.534 0.727

Table A 2: Calculations of the average of the ODs, standard deviation and coefficient variation.

well No. cells No. mean A SD A Coff. V
1 0 0.21625 0.005377 2.486669
2 625 0.22225 0.0025 1.124859
3 1250 0.233 0.00469 2.013054
4 2500 0.2415 0.004123 1.70729
5 5000 0.2945 0.004509 1.531154
6 10000 0.37425 0.000957 0.255826
7 20000 0.5375 0.015716 2.92395
8 40000 0.72025 0.020304 2.819013
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Flask A MTT Standar curve
30/04/15
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R2 =0.9983
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Figure A 1: MTT standard curves.
This curve shows linear relationships indicated to the absorbance corresponded to
the cell number until 2x10* cell/well.
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Appendix lll: Treating Cells with chemicals using MTT Crystal
violet and Trypan blue assays.

Using the equation obtained from the standard curve, the cell number in

each treated well was then assessed. The percentage of relative survival

(with MTT) the relative cell number (with Crystal violet) and the relative live

cell (with Trypan blue) were then measured by dividing the cell number in the

treated well by the cell number in the media, and multiplying the result by 100

(see Table A 3).

Table A 3: Calculating the percentage of relative survival (with MTT) the relative cell number
(with Crystal violet) and the relative live cell (with Trypan blue).

Simazine 18/2/13

0,
Flask Medium 0.9% 4.5E-06 | 0.000045 | 0.00045 0.0045
DMSO
0.478 0.394 0.335 0.35 0.327 0.215
0.492 0.364 0.381 0.341 0.336 0.231 %
A o
0.52 0.348 0.353 0.381 0.379 0.238 9
0.506 0.373 0.377 0.357 0.324 0.212
Flask column mean S.D Coff. vV Equ. cell No. %
Media 0.499 0'01807 3.622029 | 11236.67 | 11236.66667 100
0.09%
DMSO 0.3697 0.01919 5.18995 | 6928.333 | 6928.333333 | 61.6582653
0.02156
4.5E-06 0.3615 4 5.965106 | 6653.333 | 6653.333333 | 59.21092015
A
0.000045 0'35572 0'01713 4.796158 | 6511.667 | 6511.666667 | 57.95016659
0.02551
0.00045 0.3415 5 7.471362 | 5986.667 | 5986.666667 | 53.27796222
0.0045 0.3155 | 0.03305 | 10.4755 | 5446.66 | 5446.66666 | 46.1069611
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Appendix IV: Cytotoxicity of Roundup, Once-a-year path
weed and their constituents using MTT and Crystal violet
(CV) assays.

Roundup.
The results of Roundup (R-up), glyphosate and POEA using both assays

were presented in section 3.3.1.

Once-a-year path weed.

The results of Once-a-year path weed, the lab mixture of it, amitrol,
ammonium thiocyanate and simazine using MTT and CV assays were presented in

section 2.3.1.
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Appendix V: Cytotoxicity of caffeine-herbicides combinations
using MTT and Trypan blue assays.

Mixing caffeine with Roundup, glyphosate and Polyethoxylated tallow
amine (POEA).

The results of Roundup (R-up), glyphosate and POEA using MTT and
Trypan blue assays were presented in section 4.3.2.1.

Mixing caffeine with Once-a-year path weed, the lab mixture of it,
amitrole, ammonium thiocyanate and simazine.

The results of Once-a-year path weed, the lab mixture of it, amitrol,
ammonium thiocyanate and simazine using MTT assay were presented in Figure A

2 and using Trypan blue in Figure A 3.
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Figure A 2: The toxicity effects of caffeine-Once-a-year path weed, -Lab mixture, -amitrole, -
ammonium thiocyanate and -simazine combinations on the WIL2-NS cells using MTT assay.

The data was presented as mean * stander error of the mean. The level of significance was expressed
as p< 0.05 whereas * is compared data with media (negative control), and ¥ is compared data with
caffeine of the same concentration and i is compared data with the chemicals at the same
concentration.
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Figure A 3:The toxicity effects of caffeine-Once-a-year path weed, -Lab mixture, -amitrole, -
ammonium thiocyanate and -simazine combinations on the WIL2-NS cells using Trypan blue

assay.

The data was presented as mean + stander error of the mean. The level of significance was expressed
as p< 0.05 whereas * is compared data with media (negative control), and ¥ is compared data with
caffeine of the same concentration and i is compared data with the chemicals at the same
concentration.
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