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Glossary

A
Absorption: Movement of materials across an epithelia! layer from body cavity or

component towards the blood.
Affinity: An attractive force between substances or particles that causes them to enter

~ into and remain in chemical combination.
Agonist: A chemical substance such as a drug, capable of combining with a receptor
on a cell and initiating the same reaction or activity typically produced by the binding of
an endogenous substance.

Antagonists: A chemical that acts within the body to reduce the physioclogical activity of
another chemical substance such as an opiate.

Aphasia: loss or impairment of the power to use or compréhend words usually
resulting from brain damage.

Apical: Portion of plasma-menﬁbrane facing the lumen.

Attention deficit disorder with hyperactiirity: A lifelong developmental disorder that
.with symptoms such as inattention, hyperactivity, impulsivity and learning difficulties.

Auxiliary: Serving to supplement or assist.

B

Blood-brain barrier: Group of cells that form a special, impermeable lining in the blood
vessels of the brain. The blood-brain barrier is made up of astrocytes and prevents toxic
substances in the blood form entering the brain.

Cc

Catecholamine: Any of various amines such as adrenalin, noradrenalin and dopamine, .
that contain a dihydroxy benzene ring, that are derived from tyrosine, and that function
as hormones, neurotransmitters or both. ‘ '
Cytoplasmic: The organized complex of inorganic and organic substances external to
the nuclear membrane of a cell, including the cytosol and membrane-bound organelles

such as mitochondria or chloroplasts.

D

Deficiencies: A shortage of substances (as vitamins) necessary to healfh_.
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Digestion: The process of making food absorbable by dissolving it and breaking it down
into simpler chemical compounds that occur in the living body mainly through the action
of enzymes secreted into the alimentary canal. .

Domains: Any of the three-dimensional subunits of a protein that together make up its
tertiary structure, that are formed by folding its linear peptide chain, and that are

variously considered to be the basic units of protein structure, function, and evolution.

E

Efflux: The action or process of flowing or seeming to flow out.

_Endogenous: Relating to or produced by metabolic synthesis in the body.

Endorphins: Any of a group of endogenous peptides (aé enkephalin and dynorphin)
found especially in the brain that bind chiefly to opiate receptors and produce some of
the same pharmacological effects such as pain relief, as those of opiates.
Exogenous: Originating or produced outside the body.

Extracellular: Cutside of cell.

F
Filtration: The process of passing through or as if through a filter also known as

- diffusion.

H

Hepatobiliary: Of, relating to, situated in or near, produced in, or affecting the liver and
bile,’bile ducts, and gallbladder. |

Homodimer: A protein composed of two polypeptide chains that are identical in the
order, number, and kind of their amino acid residues.

Hydrophilic: Of, relating'to, or having a strong affinity for water.

l

Inhibitor: An agent that slows or interferes with a chemical reaction or a substance that
reduces the activity of another substance such as an enzyme.

Intestine: The tubular portion of the alimentary canal that lies posterior to the stomach
.from which it is separated by the pyloric sphincter and consists of a slender but Idng
anterior part made up of the duodenum, jejunum, and ileum which function in digestion
and assimilation of nutrients and a broader shorter posterior part made up of the cecum,



colon, and rectum which serve chiefly to extract moisture from the by-products of
digestion and evaporate them into faeces.
Intracellular: Inside of the cell.

L

Leaky gut syndrome: is a term used to describe a phenomenon where there is
increased intestinal permeability resulting from chronic irritation to the gut wall. A leaky
gut wall can lead to a variety of systemic problems, including gluten and casein
sensitivity and food allergies. ' ‘
Ligands: A group, ion, or molecule coordinated to a central atom or molecule in a
complex. 7 '

Lipophilicity: Having an affinity for lipids.

N
Nephron: A single excretory unit especially of the vertebrate kidney typically consisting

of a Malpighian corpuscle, proximal convoluted tubule, loop of Henle, distal convoluted
- tubule, collecting tubule, and vascular and supporting tissues and discharging by way of

a renal papilla into the renal pelvis.
Neurotransmitter: Any one of numerous chemicals that modify or result in the

transmission of nerve impulses between synapses.

O .
Oploid peptide: Any of a group of endogenous neural polypeptides such as an
endorphin or enkephalin that bind especially to opiate receptors and mimic some of the
pha'rmacc:logical properties of opiates, also called opioid. '

Opioid: Posséssing some properties characteristic of opiate narcotics but not derived

from opium of, involving, or induced by an opioid substance or an opioid peptide.

P
'Pepti_des: Any of various amides that are derived from two or more amino acids by
combination of the amino group of one acid with the carboxyl group of another and are
usually obtained by partial hydrolysis of proteins.
Permeable: Having pores or openings that permit liquids or gases to pass through.
Pinocytotic: The uptake of fluid by a cell by invagination and pinching off of the plasma

membrane.



Proximal tubule: The con_voluted portion of the vertebrate nephron that lies between
Bowman's capsule and the loop of Henle, is made up of a single layer of cuboidal cells
with striated borders, and functions especially in the resorption of sugar, sodium and’

chloride ions, and water from the glomerular fiitrate.

R
Reabsorption: The act, process, or condition of absorbing again or of being absorbed

again.-

S

Secretion: The process of segregating, elaborating, and releasing some material either
functionally specialized (as saliva} or isolated for excretion {as urihe).

~ Specificity: The condition of participating in or catalyzing only one or a few chemical

reactions.
Subsfrates: A substance acted upon (as by an enzyme).

T

Toxin: Any poisonous substance that can cause a disease.

X

Xenobiotic: A chemical which is not a natural component of the organism exposed to it.

Synonyms include drug, foreign subsiance or compound, exogenous substance or

compound.
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Uittreksel

'n Kenmerkende peptiedprofiel is waargeneem in die urien van sekere pasiénte wat aan
ADHD lei. Die doel van hierdie studie was om te bepaal of defektiewe p-glikoproteiene

‘veran‘twoordeiik is vir die voorkoms van hierdie peptiedprofiel in kinders met ADHD.

Die urienanalises van kinders met ADHD is uitgevoer deur middel van HPLC met UV-
deteksie by 215 en 280 nm. Gradiénteluering, bestaande uit ses stappe, is verkry met 2
mobiele faseé: buffer, A 0.1 % trifluoroasynsuur (TFA) en buffer B, 0.1 % TFA in
asetonitriel op 'n Vydac Cis kolom. ’'n Rotmodel is gebruik om die resultate wat in die
mense gekry is te bevestig. Die rotte is in 4 groepe verdeel. Die eerste groep het
kasejen saam met hulle gewone dieet gekry en het gedien as kontrole vir groep 2 wat
die p-gp inhibeerder, siklosporien, tesame met die kaseien gekry het. Groep 3 was op 'n
normale dieet geplaas eh was die kontrole vir groep 4 wat siklosporien ontvang het. Die
urien is versamel terwyl die rotte in "metabo!iese hokke gehuisves is. Die urien is

geanaliseer met die HPLC-metode wat bo beskryf is.

Die meerderheid van die ADHD-kinders het nie enige }nerkwaardige urinére
peptiedprofiele getoon nie en is vir 8 maande of langer met meﬁelfenidaat behandel.
Twee pasiénte het wel die urinére peptiedprofiel getoon. Die een pasiént is vir 2
maande met metielfenidaat behandel en die ander pasiént was nie op enige medikasie
nie. Ons spekuleer dat metielfenidaat, moontlik deur p-gp aktivering, betrokke mag

wees by die terugvervoer van die peptiede na die maag toe.

Die rotmodel het nie enige merkwaardige urinére peptiedprofiele in enige van die groepe'
gelewer nie. Daar is kontrasterende resultate in studies . cor die
inhiberende/induserende effekte van siklosporieh op p-gp wat dit moeilik maak om die
netto effek van siklosporien op p-gp in die onderskeie weefsels te bepaal.  Dit is ook
moontlik dat defektiewe p-gp alleen nie veranMoordéIik is vir die voorkoms van die
peptiede in die urien nie, maar dat 'n deurlaatbare maagwand, tesame met defektiewe p-

gp die oorsaak is.
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Abstract

A Characteristib'peptide profile was detected in the urine of certain patients suffering
from ADHD. The purpose of this study was to determine whether defective p-
glycoprotein may be responsibie for the occurrence of this peptide profile in children with
ADHD.

Urine analysis of children with ADHD was performed using HPLC with UV detection at
216 and 280 nm. A six step gradient elution was attained by using two mobiie phases:
buffer A was 0.1 per cent trifluorbacetic acid (TFA) and buffer B 0.1 per cent TFA in
acetonitrile on a Vydac Ci column. To verify the results obtained in humans, the
following brocedure was adopted using a rat model: The rats were divided into four
'groups. The first group received casein and their normal diet and served as control for
group 2 which rec'éived the p-glycoprotein inhibitor, cyclosporine in addition fo the
casein. Group three was placed on a normal diet and served as control for group 4 who
was given cyclospdrine. Urine was collected from metabolic cages housing the test

animals. The urine was analysed using the same HPLC procedure as above.

A large group of the ADHD children did not display any significant urinary peptide
profiles and were on methylphenidate for 8 months or longer. Two ADHD patients
presented with the urinary peptide profile. One patient had been on methylphenidate for
2 months and the other pétient had not received any medication. We speculate that
methyiphenidate may be involved in the transport of these peptides back into the gut,

possibly by activating p-gp.

The rat model did not feveal any significant urinary peptide profiles in any of the various
groups. There are conflicting reports about the inhibiting/inducing effects of cyclosporine
on p-gp which caused difficulties in predicting the net effect of cyclosporine on the p-gp
in the various tissues. It is also possible that defective p-gp alone may not be
responsible for the occurrence of peptides in the urine, but that both defective p-gp as

well as a leaky gut may be responsible.
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Introduction

Attention-deficit hyperactivity disorder (ADHD) is a clinically heterogeneous condition, .
also known as hyperkinetic or hyperactive syndrome. It is the most common heritable
and behavioural disorder of childhood and epidemiological studies suggest that the
syndrome is three to four times higher in males than in females, and occurs in
approximately 3-5 % of school-age children in Western countries or 5-10 % worldwide
(Shastry, 2004). A'It'hough the aeticlogy of ADHD is unknown, a cohesive body of
evidence has accumulated .in recent years, suggesting that ADHD ‘may be a

manifestation of nutritional deficiency (Ottoboni & Ottoboni, 2003).

Prominent findings in children with developmental and behavioural disorders are
maldigestion and immune dysregulation often related to dietary gluten, casein and
intestinal dysbiosis.  Researchers, Reichelt et al. (1986) and Hole et al. (1988) found
breakdown products of food-derived polypeptides in the urine of patients with a variety of
behavioural conditions such as ADHD and autism. The same food derived polypeptides
are also found in schizophrenia (Reichelt ef al, 1981). The presence of these
polypeptides is attributed to a reduction in the efficiency of peptidases in the bowel
lumen and an increase in the transport of the peptides'across the intestinal membrane.
Some of these peptides are biologically actfve with actions similar to endorphins and are
described as opioid peptides. One of these peptides, casomorphin, is derived from
casein and another, gliadomorphih, from gluten (AAL reference laboratories, 2000).
Shattock & Lowdon (1991) used high-performance liquid chromatography (HPLC) to
isolate and measure these peptides which are excreted in the urine.

Potential treatment for ADHD includes removal of the source of these substances that
affect the brain function, and these strategies form the basis for elimination diets. Strict
removal of casein/dairy can often result in noticeable improvement in ADHD symptoms,
usually within a few weeks. Other behavioural symptoms, such as temper outbursts and '
mood swings, also often respond well to casein removal (Compart, 2003).

P-glycoprotein (p-gp) is a cell membrane-associated protein that transports a variety of
drug substrates (Matheny ef al, 2001), including morphine and small hydrophobic
peptides (van Tellingen, 2001). P-gp can influence drug absorption, distribution to the



site of action, and elimination in many organ systems and several tissues, such as the
intestine, central nervous system (CNS), liver and kidney. P-gp is one of the xenobiotic
transport proteins and it functions as a drug export pump that decreases intracellular
concentrations of unwanted substances and thus acts as a protective mechanism
against potentially toxic substances (Matheny et al., 2001). Absence of p-gp in the
blood-brain barrier {BBB) leads to highly increased brain penetration of a number of
important drugs and this can result in severely increased néurotoxicity (Schinkel, 1999).
Disorders such as ADHD may be worsened by exposure to toxic environmental

“impingements (Anon, 2000).

Peptides derived from the diet and excreted in the urine in certain disorders, led us to
postulate that there may be defective p-glycoproteins in the intestines preventing these
peptides to be transported back into the intestine, giving rise to specific urinary profiles.



Chapter 1

Attention deficit disorder with hyperactivity (ADHD)

1.1 Introduction

Attention deficit disorder with hyperactivity is the most commonly diagnosed behavioural
disorder of childhood, and is estimated to affect between 3 % and 5 % of school-aged

children (Glickman-Simon e al., 2001).

The core symptoms of ADHD include inattention, hyberactivity, impulsivity and learning
difficulties (GIickman_—Simon et al, 2001; Kirley et al., 2002). Althcugh many people
occasionally -have difficulty sitting still, paying attention or controlling impulsive -
behaviour, these behaviours are so persistent in people with ADHD that they interfere
with daily life and cause significant functionai problems at home, in school and various

social settings (Glickman-Simon et al., 2001).

It is not generally reéalized, but persons with ADHD seem o have an overall abnormal
physical health profile. These abnormalities include gastrointestinal abnormality,
compromised immunity, detoxification weakness and abnormal nutritional profiles such

as various vitamin and mineral deficiencies {McGinnis, 1999).
1.2 Origin

The exact cause of ADHD remains uncertain, but the prevailing theories include genstic
and hereditary factors, neurobiological conditions and pathologies, prenatal influences,
nutritional factors and deficiencies, environmental/toxin influences and gut immunology
mechanisms that directly affect the central nervous system {Anon, 2000; Mehl-Madrona,
2003). Those with the disorder usually present symptoms before the age of 7 years and
continue to exhibit symptoms throughout their lifespan (Glickman-Simon et al., 2001,
Kirley et al.,, 2002; Fisher, 1998:2).



" 1.2.1 Neurobiological conditions and pathologies

Frontal lobe Parietal lobe

Occipital lobe

Prefrontal cortex

Temporal lobe
; Cerebellum

(Balance &
coordination)

Pons
Medulla

Figure 1.1: Parts of the brain and their function (BBC news, 1999).

Brain scans have revealed a number of differences in the brains of ADHD children
compared to those of non-ADHD children (figure 1.1). For example, many children with
ADHD tend to have altered brain activity in the prefrontal cortex, a region thought to be

" the brain’s command centre. Irregularities in these areas may impair an individual’s.
ability to control impulsive and hyperactive behaviours (IG]ickman-Simon et al., 2001).
Abnormalities in different brain regions such as an abnormal frontal lobe, reduced.
volume throughout the brain and hyperfusion in the sensorimotor area have been
identified (Shastry, 2004).

In another study conducted, ADHD subjects had reduced regional tehporal areas, as
well as significant increases in the grey matter in large regions of the posterior te_rnpbral
and inferior parietal cortices. The findings were not only in brain regions controlling
attention, but also impulse control, which is often the most clinically debilitating symptom
in children with ADHD. Although measures of the severity of ADHD symptoms subtypes
ge.nerally did not correlate significantly with these morphologicaf measures, grey matter
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in the occipital lobe was inversely correlated with measures of inattention (Sowell et al.,

2003).

A number of studies have also found that brain volume is 3 to 4 percent smaller in
individuals with ADHD (Castellanos ef al., 1996; Mostofsky ef al., 1998). In addition to
shrinkage in total brain volume, it was found that shrinkage also occurred in brain
components, such as the cerebrum and cerebeilum. This observation persisted across
all ages and sexes in both the medicated and unmedicated children with ADHD. It was
suggested that genetic and/or early environmental influences on brain development in
ADHD is permanent, not progressive, and not linked to the drugs commonly used for
ADHD treatment (Castellanos et al., 2002; Ottoboni & Ottoboni, 2003).

" Other possibilities for hyperactive behavio_ur in children are that it may be the result from
of excessive slow wave activity in certain regions of the brain, or that ADHD may be
caused by abnormally low levels of dopamine, a neurotransmitter involved with mental

and emotional functioning (Glickman-Simon ef al., 2001).
1.2.2 Environmental factors and toxins

Environmental factors associated with ADHD include low birth weight, hypoxia at birth,
" and exposure in utero to a number of toxins ihcluding alcohol, cocaine, and nicotine.
Studies have found correlations between certain toxic agents/nutrient deficiencies and
Iearhing disabilities. Iron deficiency can cause irritability and attention deficits.
Magnesium deficiency is characterized by fidgeting, anxiousness, restlessness, psycho-
motor inability, and Iéarning difficulties (Mehl-Madrona, 2003).

1.2.3 Related mental disorders and comorbidity

Over 50 % of 'personsdiagnosed with ADHD aiso have another psychiatric disorder
which may mask orF complicate their diagnosis and treatment. Depressive disorders,
learning disorders, ‘anXiety disorders, substance abuse, aggression and behaviour
disorders and sleep disorders have all been reported to occur in persons with ADHD.
These disorders appear significantly more in people with ADHD than in people without
ADHD. Close biological relatives of children with ADHD are far more likely to have
ADHD, major depressive disorder, multiple anxiety disorders, conduct disorder, anti-

social personality disorder, and/or suffer from substance abuse than are relatives of



children without ADHD. All of these disorders tend to run in families and may be
inherited in various combinations by some, though not all, family members (Mehl-

Madrona, 2003).

1.3 Risk factors

+ Heredity: Children with ADHD usually have at least one first-degree relative who
also has ADHD and one-third of all fathers who had ADHD in their youth have
children with ADHD.

e Gender: ADHD is four to nine times more common in boys than girls; however
some believe that the disorder is under diagnosed in girls.

» Prenatal and early posthatai health: Maternal drug, alcohol, and cigarette use;
exposure of the foetus to toxins; nutritional deficiencies and imbalances.

¢ Learning disabilities, communication disorders, and tic disorders such as
Tourette’s syndrome.

e Other behavioural disorders, particularly those that involve excessive aggression
such as oppositional defiant or conduct disorder.

» Nutritional factors, allergies or intolerances to food, food colouring, or additives
(Glickman-Simon et al., 2001),

1.4 Diagnosis and classification

The names and symptoms for ADHD have changed frequently since the turn of the |
- century. What is now referred to as ADHD has been described in the past as Minimal
Brain Dysfunction, Hyperkinetic Reaction of Childhood and Attention Deficit Disordér
(_ADD) With or With out Hyperactivity. The name ADHD was adopted in 1987 by the
third revision of the Diagnostic and Statistical Manual of Mental Disorders (DSM—II!-R)
(Glickman-Simon ef al., 2001).

Diagnosis is difficult but essential, as early treatment can substantially alter the course of
a child’'s educational and social development. It is largely dependent on specific
observed behaviours. The first step in establishing the diagnosis of ADHD is to
determine whether the individua! meets the diagnostic criteria as defined in the DSM-IV
(Glickman-Simon ef al., 2001).



Since most of the characteristic behaviours of childhood ADHD occur at home and in the
school setting, parents and teachers play an important role in providing information to
establish the diagnosis (Glickman-Simon et al., 2001).

The condition has been classified into 3 sub-types depending on the predominance of
symptoms according to the DSM-IV. It could be the
1. predominantly inattentive type, previously known as ADD (Mehl-Madrona, 2003),
2. hyperactive-impulsive type or _
3. combined inattentive and hyperactive type. This type is the most common in

children and adults (Glickman-Simon et al., 2001).
1.5 Role of neurotransmitters

The brain has a limited quantity of any neurctransmitter available at any given time.
After having been released for use and having completed its task, the neurotransmitter is
rapidly destroyed or recycled and stored for later use. If neurotransmission were not
limited in this way, the brain might race out of control, virtually burning itself out.
Neurotransmitters must be made ongoing because the brain must continually renew its
supply of raw materials, such as amino acids, vitamins and minerals. The brain needs
these raw materials to manufacture more neurofransmitters as well as glucose and
oxygen to function properly. The antioxidants are needed for protection of the brain

(Child Wisdom, 2003).

If neurotransmitter precursors are in short supply, problems in perception, behaviour,
cognition and mood will result. Amino acids, the building blocks of protein, are the most
important of the neurotransmitter precursors. The brain uses some of the unaltered
amino acids as neurotranshitters, directly. Glutamate, aspartate, and glycine are three
such amino acids. It builds other neurotransmitters by altering the amino acids slightly
andfor combining them with other substances (Child Wisdom, 2003).

ADHD is seen as a biochemical disorder involving neurotransmitters, primarily dopamine
(DA) and noradrenalin (NA). These neurotransmitters are responsible for arousal and
alertness in the brain. The biochemical imbalance‘ in ADHD results in a lack of the
neurotransmitter substance. The lack of arousal and alertness does.not allow the brain
to function properly in its respective areas nor communicate effectively with other parts
. of the brain for maximized functioning to occur (Fisher, 1998:2). Studies suggest that



dysregulation of these catecholamines is central to the pathophysiology of ADHD (Paule

et af., 2000).

1.5.1 Dopamine

Performance and memory are facilitaied by dopamine. Its action has been described as
connected with appetite and reward-seeking behaviours. 1t is involved with the sensory,
motor, and neurohormonal activities processing the motivated approach behaviours. DA
also plays a role in fine movement, muscle tone, emotionality, and internal motivation
states. It is thought that disruption of mesocortical dopaminergic systems results in
- aftentional dysfunction and impedes normal development of‘the corticolimbic circuitry
(Fisher, 1998:49). '

1.5.2 Noradrenalin

Noradrenalin plays a role in the regulation of selective attention and attention to
significant external stimuli. The noradrenergic transmitter produces an alerting, attention
focuSing, orienting response. NA facilitates activities like learning, memory and
awareness (Fisher, 1998:49). A hypoactive NA system may have severe functional

consequences that could explain the inattentiveness of ADHD children (Oades, 2002).

The-urinary catecholamine excretion in boys with ADHD was measured by Hanna et al.
{1996). Dihydroxyphenylalanine, DA, NA, adrenalin, 3,4-dihydroxyphanylacetic acid,
and 3 4-d|hydroxyphenylglycol (DOPEG) concentrations were assayed by high-pressure
Ilqmd chromatography (HPLC) with electrochemical detection. The urinary concentration
of DOPEG, a NA metabolite, and adrenalin was significantly lower in the ADHD subjects
than in the normal controls. The resulls were consistent with previous reports of
abnormal metabolism of NA and adrenalin in ADHD. The neurochemical findings may
be due to differences between ADHD and normal boys in neuranal (central or peripheral)

or nonneuronal (adrenal or renat) activity.
1.5.3 Serotonin

Altered function of the serotoninergic (5-HT) system may have a functional role in
causing motor and cognitive impulsivity (Adriani ef al., 2003). Some symptoms in ADHD
have been related to an altered 5-HT metabolism. The peripheral levels of the 5-HT




metabolite, 5-hydroxyindole acetic acid {5-HIAA) are found to be increased (rather than
decreased) in ADHD children and the lower homovanillic acid (HVA)/5-HIAA ratio is also
suggestive of 5-HT hyperactivity relative to DA (Oades, 2002; Castellanos ef al., 1994).

1.5.4 Relationship between the catecholamines

It is thought that mesocortical or frontal catecholaminergic changes reflect the more
cognitive manifestations of ADHD such as attentional control and working memory while
mesolimbic changes may reflect rhotor activity and drinking. It is the relationship of the
level of activity of one monoamine to the other that proves psychopathologically
significant (Oades, 2002). Oades (2002) conciudes that DA is hyperactive with respect

to NA activity, but often hypoactive with respect to 5-HT activity in certain manifestations

of ADHD.

1.6 Nutrition

1.6.1 Eating habits of children

Our brain’s biochemistry is fuelled by the food we eat, far more than in most organs in
the body. Metabolism is central to brain function, particularly in growing children.
Children’s brains are hungrier, more metabolically active, and proportionally larger than
adults’ brains. Per pound of body weight, children eat more food, drink more fluids, and
breathe more air than adults, thereby increasing their exposure to environmental toxins.
Unfortunately, young children’s immature intestinal linings and blood-brain barriers are
not as protective as those of most adults. Because of this increaéed exposure and
reduced protection, children are more likely than adults to have acute brain and
behavioural dysfunctions related to toxins, allergens, and metabolic by-products.
Additionally, because of their greater nutritional needs and generally poorer eating habits
(less health-building foods, more fast food), children are more likely than most adults to

have nutrient deficiencies. All of these factors contribute to children’s heightened |
susceptibility to dietary imbalances, ‘including increased exposures to neurotoxins,

contributing to neurohehavioral problems (Child Wisdom, 2003).



1.6.2 Deficiencies and the effect of supplemen.tation

The aetiology of ADHD is unknown, yet a cohesive body of evidence has accumulated in
recent years suggesting that ADHD may well be a manifestation of nutritional deficiency
(Ottoboni & Ottoboni, 2003).

1621 Vitamin B

Adequate levels of vitamin B6 (pyridoxine) are required for normal brain development
and are essential for the synthesis of esse_ntial brain chemicals including serotonin,
dopamine and noradrenalin. A preliminary étudy found that pyridoxine was slightly more
effective than methylphenidate in improving behaviour among hyperactive children. The
results, however, were not significant and no other studies have been able to confirm
these findings. Therefore, supplementation with B6 is not considered a standard
treatment for ADHD (Glickman-Simon et af., 2001).

Supplementation with B-complex vitamins can be paradoxical. Some children became
more hyperactive with pyridoxine (vitamin B6) but became calmer when thiamine
(vitamin B1) was administered. Some children whose behaviour improved with
pyridoxine suppiementation, deteriorated when thiamine was administered. These
differences appeared to be stable over time (Anon, 2000; Galland, 2003).

1.6.2.2 Essential fatty acid deficiency

Many of ADHD children have a deficiency of essential fatty acids (EFAs) either because
they cannot metabolise finoleic acid normally, or because they cannot absorb EFAs
normally from the gut, or because their EFA requirements are higher than normal
(Colguhoun & Bunday, 1981).

Significantly Iowef levels of EFAs have been found in hyperactive children compared to
controls without ADHD. Excessive thirst along with dry skin and hair are symptoms
characteristic of essential fatty acid deficiency and are frequently seen among
hyperactive children with learning and behaviour problems. Evening primrose and fish
oils give good behavioural responses with children who have essential fatty acid
deficiency symptoms such as thirst, dry skin and hair (Anon, 2000; Stevens ef al., 1995;
Galland, 2003; Mitchell et al., 1987). Burgess ef al. (2000) states that omega 3 fatty
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acids are present in large quantities in the refina of the eye and in certain regions of the
brain, thus depletion of omega 3 from these regions may compromise sensory and brain
function. He states that subclinical omega 3 deficiency may be responsible for the
abnormal behaviour and outward symptoms of ADHD children. Mitchell et al. (1987)
observed that children deficient of these essential fatty acids had auditory, visual,
language, reading and learning difficulties and lower birth weight than the controls. The

hyperactive children also were more likely to suffer coughs, colds and serious illness.

Many ADHD children are deficient in zinc, which is required for the conversion of
essential fatty acids (EFAs) to prostaglandins. Some ADHD children are badly affected
by wheat and milk, which give rise to exorphins in the gut which can also block this

conversion (Colquhoun & Bunday, 1981).

Studies designed to determine whether ADHD can be helped by dietary supplementation
with essential fatty acids have shown mixed results. For example, Voight ef al. (2001)
showed no benefit, but Richardson & Puri (2002) reported a significant reduction in

ADHD symptoms in the treated group.
1.6.2.3 Magnesium deficiency

Magnesium deficiency in children with ADHD occurs more frequently than in healthy
children. Low magnesium results in a syndrome of abnormalities including irritability,
restless sleep, muscle tensions with spasms, and poor exercise tolerance. Children
receiving magnesium suppiementation show a significant decrease in hyperactivity
(Anon, 2000; Simmons, 2002; Kozielec & Starobrat-Hermelin, 1997; Starobrat-Hermelin
& Kozielec, 1997).

1.6.2.4 Zinc deficiency

Zinc regulates the activity of neurotransmitters, fatty acids, and melatonin, all of which
are related to the biology of behaviour. Two separate studies found that children with
ADHD have'significantly lower blood zinc levels than children without ADHD. Another
study indicated that ADHD children with mild zinc deficiency may be less likely to
improve from a commonly:prescribed stimulant than children with adequate zinc levels.

To date, however, no studies have been conducted to evaluate whether zinc
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supplementation improves behaviour in children with ADHD who are deficient in this

mineral (Glickman-Simon ef al., 2001).

1.6.3 Wheat and dairy

The offending substances in these foods are casein.'a milk protein found in dairy and
dairy products, and giuten found in wheat and other grains. Strict removal of
casein/dairy can often result in noticeable improvement in ADHD symptoms, usually
~ within a few weeks. Other behavioﬁral symptoms, such as temper outbursts and mood

swings, also often respond well to casein removal (Compart, 2003). A complete

discussion is given in chapter 2.

1.6.4 Evidence of dietary intervention

5

Controversy exists over whether the diet can influence the symptoms of ADHD. Many

studies have been done with various results.

Zametkin (1998) stated that there was minimal support of a relationship existing between
diet and hyperactivity and in further studies declared that sugar and food additives
causing ADHD, was a myth (Zametkin, 1995).

It was Feingold who, in the early seventies first proposed that artificial colours and
flavours might affect children’s behaviour. Further studies revealed that a certain
tartrazine dye inhibited the uptake of all the neurotransmitters and their precursors which
they tested (TePas, 1996). Rowe & Rowe (1994) observed that behavioural changes in
irritability, restlessness and sleep disturbance were associated with the ingestio'n of

tartrazine in some children.

Atopic children with ADHD had a significantly more beneficial response to an elimination
diet than nonatopic children according to a study done by Boris and Mandel (1994).
Carter et al. (1993) placed hyperactive children bn a ‘few foods’ elimination diet and it
showed improved behaviour during the trail. The majority of studies designed to look at
sugar consumption in ADHD children have failed to show a significant or causal
relationship (Kanarek, 1994; Krummel ef al., 1996) and it has been shown that children
with ADHD tend to eat no more sugar than average (Kapian ef al., 1989a; Kaplan ef al.,
1989b ). Sugar alone does not cause hyperactivity, but it reduces the nutritional quality
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of the diet and may aggravate other food intolerances (Galland, 2003). A detailed
review of the controlled scientific literature regarding the role of the diet and behaviour in
childhood has shown that diet definitely affects some children (Breakey, 1997).

1.7 Treatment

Stimulant medications are most widely researched and commonly prescribed treatments
for ADHD. Aithough researchers do not fully understand how these medications
improve ADHD symptoms, studies indicate that méthylphenidate (Ritalin®), the most
commonly prescribed stimulant, significantly increases dopamine levels in the brain.
Péople with ADHD are believed to have abnormally low levels of dopamine in the brain.
Approximately 70 % of people with ADHD benefit from the first stimulant prescribed,
usually methylphenidate, and an additional 20 % may respond to one 6r the other two

drugs in this class if the first did not work {Glickman-Simon ef al., 2001).

Stimulant medications prescribed for ADHD include:
o Methylphenidate: Most commonly used medication for ADHD. Effective in 75 %
to 80 % of patients. Not recommended for children under 6 years old.
o Dextroamphetamine: Effective in 70 % to 75 % of patients. Not recommended
for children under 3 years old.
e Pemoline: Effective in 65 % to 70 % of children. Not recommended for children
under 6 years of age. Should be used as a second line drug for ADHD, because

it has been associated with liver failure (Glickman-Simon et al., 2001).

The following medications are recommended for those who do not improve from
stimulants:

» Alpha, agonists (such as clonidine, guanfacine): helpful in individuals who are
particularly aggressive or oppositional. May cause low blood pressure in some
individuals.

e Antidepressants: bupropian for children who also have mood disorders such as
depression; tricyclics (such as imipramine) for individuals who also have tic
disorders or significant symptoms of anxiety and depression (Glickman-Simon et
al., 2001}
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Chapter 2

Peptides

2.1 Introduction

Peptides with opioid activity are produced during the digestion of gluten and casein, and
are absorbed from the gut into the bloodstream. The majority is excreted in the urine,
but some cross the blood-brain barrier and enters the CNS, where they can have direct
opioid activity or form irreversible compiexes with the peptidase enzymes that break
down natural endorphins. The result is increased opioid activity in the CNS, a
phenomenon found particularly in people with autism. These peptides act as
neuroregulatoré within the CNS and effectively cut down fransmission in all neurological
systems. The precise mechanism is unclear but stimulation of presynaptic receptors is a
possibility (Shattock & Whiteley, 2001). The same urinary profiles are observed in
certain children with ADHD (Hole et af., 1988).

2.2 The excessive opioid theory

Dohan, who died in 1992, proposed that schizophrenia could be caused by a distary
" overload of peptides formed from gluten and possibly milk proteins, due to genetically
determined insufficient peptide metabolism. This presupposes that:

1. peptides are formed in the guf,
intact peptides and/or proteins are taken up from the gut,
some peptides have access 1o the CNS across the blood to brain barrier,
removing the offending proteins will have a clinical effect, and
peptides found to be increased in the body fluids display bioactivities relevant to

oA W

schizophrenia (Reichelt et af., 1996).

A model for a possible cause of autism was based on a similar excessive opioid theory
initiated by Panksepp (1979) and extended by Reichelt et a/. (1981) and Shattock &
Lowdon (1991). The hypothesis is that autism could be the result of peptides of
exogenous origin affecting neurotransmission within the CNS. The effects of these

peptides are opioid in nature and they may have direct opioid activity or form ligands for
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the enzymes which break down the opioid peptides that occur naturally within the CNS.
The CNS neuroregulatory role, which is nomally performed by the natural opioid
peptides such as the enkephalins and endorphins, is intensified to such an extent that
nomal processes within the CNS is severely disrupted. The presence of this intense
opioid activity can result in a large number of the systems of the CNS being disrupted to
varying extents (Shattock & Savery, 1996).

2.3 The absorption of peptides in the central nervous system
and gastrointestinal tract

Figure 2.1: Normal peptide transfer across the intestinal wall and blood-brain barrier
(Shattock & Whitely, 2001).

Figure 2.1 represents normal circumstances, where there are low levels of peptides in
the intestine. Each yellow dot represents one peptide molecule with biological, in this
case opioid, activity. Proteins are broken down in the gut and peptides occur as
intermediate compounds, which will then be broken down further into their amino acid
components. A small proportion transfers across the intestinal wall and blood-brain
barrier to the CNS, but at such low level that they have little effect. For example, 10 %
of the peptides may cross through the nomal intact gut wall and appear in the blood
stream. If 10 % of this complement crosses the blood-brain barrier, then 1 % of the total
peptides present in the gut will have reached the CNS. Once there, they may directly
regulate transmission in all of the main neurotransmission systems or, altematively, may
form ligands for the enzymes which would nomally break down the opioid peptides
which occur naturally in the CNS. The consequence would be an increase in opioid
activity. In this normal situation, the levels of peptides in the gut are comparatively small
and the quantities reaching the brain are minimal so the net effects are negligible
(Shattock & Savery, 1996; Shattock & Whitely, 2001).
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There are however, a number of situations in which the peptide levels can rise:

Increased peptide
levels

Figure 2.2: Inefficient enzyme functioning in the intestine give rise to higher peptide
levels in the CNS and urine (Shattock & Whitely, 2001).

Given the same order of leakiness of the gut wall and BBB as before (figure 2.1), greatly
increased levels of peptides in the gut will result in an increased quantity of peptides
reaching the CNS. The reason for the increase may be the result of inadequate enzyme
systems, which are responsible for their breakdown, for example, genetically determined
deficiencies of the required endopeptidase enzymes. There could be shortages of
cofactors, such as vitamins and minerals required for the enzymes to function properly.
Altematively, the pH in the relevant areas of the gut may be inappropriate for the specific
enzymes to act as they should (figure 2.2) (Shattock & Savery, 1996).

Increased gut
permeability

Figure 2.3: Increases in intestinal permeability results in greater leakage of peptides
into the urine and CNS (Shattock & Whitely, 2001).

Figure 2.3 represents the situation in which the levels of peptides in the gut are nomal,
but for some reason, the gut wall is excessively leaky so that vastly increased quantities
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of the peptide will cross the gut wall and enter the blood stream. Thus, there will be an
increased level of peptides in the CNS with possible clinical consequences. There are a
number of factors, which could result in increased leakiness of the gut. There may be
damage caused by purely physical action such as a surgical operation or some natural
flaw. Deficiencies in the phenyl sulphur transferase (PST) systems can lead to
increased pemmeability of the gut wall. Nommally the proteins lining the gut wall are
sulphated and, in this state, form a continuous protective layer over the surface of the
gut wall. When there is insufficient sulphation, the proteins clump together and the layer
becomes irregular. The net result is an increased permeability of the gut wall. In this
case, the passage of peptides across the gut wall is greatly enhanced (Shattock &
Savery, 1996).

Increased gut

Increased blood-brain

Figure 2.4: Infections and physical damage lead to increased permeability (Shattock &
Whitely, 2001).

In figure 2.4, the blood-brain barrier is less effective than normal so that any opioid
peptides in the blood stream would easily pass into the CNS and exert their full range of
actions. The blood-brain barrier is a complex system, which is partly physical and partly
biochemical. The biochemical element consists, in part, of enzymes, which should
destroy potentially harmful substances such as exogenously derived peptides.
According to these hypotheses, the peptidase activity may be depressed and the barrier
could be somewhat more permeable than normal. There may be other environmental
factors which could exacerbate the process either slightly or dramatically (Shattock &
Savery, 1996). Meningitis, other infections and physical damage can all greatly increase
the permeability of the blood-brain barrier and increase peptide levels in the CNS (figure
2.4) (Shattock & Whitely, 2001).
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If peptides are present in the blood, they tend to be collected by the kidneys and
dumped in the urine. Thus, the peptide content of the urine will, to some extent, be
reflective of the content of the blood (Shattock & Savery, 1996).

Another possible mechanism for the occurance of these peptides may be through -
defective p-glycoprotein. Several studies have demonstrated that peptides and opioids
are substrates for p-gp (Chen & Pollock, 1998; Sharma et al., 1991; Thompson et al.,
2000; Letrent ef al., 1999; Matheny ef al., 2001).

2.3.1 Symptoms of high urinary opiates

Clinical signs that may attend high urinary opiates are aphasia or poor language
development, constipation or constipation mixed with wet stools, strong growth and gain
or excess weight for stature, marked perseveration and rigidity, marked lack of social

connectedness (Whiteley et al., 1998).
2.4 Possible behaviour of peptides in CNS

The pepides responsible are not endogenous in nature, and are likely to come from an
exogenous source since the quantities found are significantly higher than those from
endogenous sources. It is likely though, that once these peptides have entered the
bloodstream, they may partition through the blood-brain barrier, and therefore be able to
act in the CNS. Enkephalins have been shown to easily cross the blood-brain barrier in
significant amounts and could do one of several things:

1. actin an agonistic way on any of the opioid receptors in the CNS,

2. act as a partial agonist at any of the opioid receptors in the CNS thus stimulating
the receptor, yet remaining bound like an antagonist,

3. be full antagonists for the opioid receptors, hence preventing endogenous
endorphins from binding,

4. inhibit the naturai peptidase system for endorphins namely endorphinases. This
would have the effect of increasing the amounts of naturaily occurring
endogenous endorphins ' '

6. act in a non-opicid manner utilising an unknown receptor population in a similar
manner to noradrenaline-ATP co-transmission in sympathetic nervous systems
(Braithwaite, 1995).
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It is possible, that a partial agonistic effect is being observed and that these peptides
have such a high affinity for the opioid receptors that they bind with sufficient strength so
that there is no competitive agonism between the endogenous endorphins, and the
exogenous peptides. The peptides themselves may also bring forth some form of
response at the receptor site too, although this may not be of sufficient value for a full

response, that is, a partial agonistic effect (Braithwaite, 1995).

2.5 Peptides involved

Peptides with activity similar to that of morphine and other opioids have been isolated
from the brain and other sources such as the pituitary. These peptides, the endorphins
and enkephalins, are synthesized in vivo and may function both as hormones and
neurotransmitters. An alternative source of peptides, some of which may havé biological

activities, is dietary protein or exorphins (Zioudrou ef al., 1979).

In order for these exorphins to function as opioid peptides in the central nervous system
in vivo they must:'
1. be produced in the gastrointestinal tract,
survive degradation by intestinal proteases,
be absorbed, without degradation, into the bloodstream,

cross the blood-brain barrier and thereby reach centrai opiate receptors,

O bk ww

interact as opiates with these receptors (Zioudrou et al., 1979).

The peptides, resulting from the incomplete breakdown of bertain foods are the proteins
gluten from wheat, and casein from milk and dairy related proteins (Reichelt ef al,

1981).
2.5.1 Peptides derived from dairy products

In various studies, milk has been screened for the presence of free or precursor-bound
opioids. In fact, various opioid receptor ligands with agonistic or even antagonistic
activity were found. Besides the alkaloid morphine, peptides derived from alpha-casein
(alpha-casein exorphins), beta-casein (beta-casomorphins; beta-casorphin), alpha-
lactalbumin (alpha-lactorphins) and beta-lactoglobulin (beta-lactorphin) were among the
agonists. In addition, certain peptides derived from k-casein (casoxins) or from

lactoferrin (lactoferroxins) were found to behave like opioid antagonists. Although a
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functional role in the mammalian organism for all of these compounds appears to be
possible, evidence has only been presented for the functional significance of beta-
casomorphins, so far. Opioids related to milk, might represent essential exogenous
extensions of the endogenous opiodergic systems (Teschemacher & Koch, 1991).

2511 Beta-casomorphin 7

Studies have established that beta-casomorphin 7 (B-CM7) is capable of readily crossing
the blood-brain barrier and activating brain cells mediated by opioid receptors. Some of
the brain areas affected is originators or components of dopaminergic, serotinergic and
GABA (y-aminobutyric acid)-ergic pathways, suggesting that B-CM7 can affect the
function of all of these systems (Sun ef al., 1999). Further research involving the
injection of B-CM7 into rats in order fo observe behavioural responses, has yielded
astonishing results. It was reported that roughly seven minutes after the injection of B-
CM7, the rats became inactive, distancing themselves from the other rats in the same
cage, while showing no social interaction and very little reaction to sound (Sun & Cade.,
1999). These B-CM7 induced behaviours, exhibit a distinct resemblance to those
observed in humans with autism.

Damage to the tight junctions linking intestinal epithelial cells causes increased
absorption of harmful exorphins such as B-CM7 through the mucosal barrier of the gut
into the bloodstream (figure 2.5) (Ali, 2004).

Intestinal epithelial cell B-CM7

B-CM7 in
Bloodstream @ bicodstream

Figure 2.5: Absorption of B-Casomorphin 7 into the bloodstream (Ali, 2004).
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2.5.2 Peptides derived from wheat products

The opioids formed from gluten and gliadin are gluteomorphines (Fukudome &
Yoshikawa, 1992) and gliadinmorphines {Graf et al., 1987). Other related grains such as
rye, barley and oats, also contain the sequence of amino acids found in gluten (Great

plains laboratory, 2001).

Gliadorphin is very similar o casomorphin. Casomorphin and gliadorphin are composed
of seven amino acids. Both casomorﬁhin and gliadorphin start with the beginning N-
termina sequence tyr-pro (for tyrosine and proline) and the additional pro (proline) in
positions 4 and 6 of both peptides (Great plains laboratory, 2001).

2.5.3 Peptides found in other disorders

High concentrations of the peptide casomorphin were found in the urine samples of
" people with autism, celiac disease, pervasive developmental disorder (PDD) and
schizophrenia. It is suspected that these peptides may also be elevated in other
disorders such as chronic fatigue, fibromalgia and depression based on anecdotal
reports of symptom remission after exclusion of wheat and dairy from the diet (Great

plains laboratory, 2001).

Other disorders that seem to show similar abnormalities in the breakdown of peptides
are ADHD, ADD, dyslexia and- obsessive compulsive disorder (OCD) (Shattock &
Savery, 1996; Center for autism and related disorders, 2001).

2531 ADHD

In a study done on behavioural disorders, abnormal amounts of peptide and protein-
associated peptide complexes excreted in the urine were observed. The symptomé of
all the patients who participated in the study fit the criteria for diagnosis of attention
deficit disorder with hyperactivity (ADHD) (Hole et al., 1988). Parents of these children
seem to have a higher difficulty with digestion of these peptides as well (Center for
autism and related disorders, 2001). Although the focus of these urinary peptides was
mainly on autism for years, the profiles from subjects with ADD and ADHD are now
. being studied in a more systematic way (Shattock & Savery, 1996).
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Chapter 3

P-glycoprotein

3.1 Introduction

ABC (ATP Binding Cassette) transporters form one of the largest protein families and
execute a diversity of physiological functions (Hiz;gins, 2001). P-gp (p-glycoprotein), a
member of this family, is a transmembrane protein expressed by multiple mammalian
cell types, including the endothelial cells that comprise the BBB. P-gp functions to
actively pump a diverse selection of xenobiotics out of the cells in which it is expressed
(Thompson et al., 2000). P-gp thus acts as protective mechanism against a wide variety

of potentially toxic substances, serving to limit distribution and accelerate elimination of

p-gp substrates (Mgtheny et al., 2001).
3.2 Classification

Currently 49 human ATP-Binding Cassette fransporters have been identified. These
transporters are classified into 7 families (Table 3.1) according to sequence similarity
(Mddler, 2003). P-gp is the 170-kD protein product of the MDR1 (mullidrug resistance)
gene. On the basis of the homology of the p-gp ATP-binding domains with those of
other transport proteins, p-gp is classified as a member of the ATF’-binding cassette
super family of transport proteins. This family includes other membrane-associated
‘proteins that transport drugs and endogenous substances, for examble the multidrug
resistance associated protein (-MRP1), and proteins with ion channel function, for
example the cystic fibrosis transmembrane bonductance regulator (CFTR), the product
of the cystic fibrosis gene. Rodents express two isoforms of the gene encoding p-gp,
designated mdrfa and mdr1b, which together serve a similar funétion as the single
human MDR1 gene. A new nomenclature system was proposed for the ATP-binding
cassette genes where the MDR1 (p-gp) gene is referred to as ABCB1, for ATP-Binding
Cassette, subfamily B, member 1 (Matheny et al., 2001).
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Table 3.1:

Classification of ATP-Binding Cassette Transporters and their functions
(Miiller, 2003) (Dean et al., 2001).

Subfamily

Name

Number of

members

Functions of the various genes

ABCA

ABC1

12

ABCA1: Cholesterot efflux into high-density
lipoprotein (HDL) |
ABCA2: Drug resistance

ABCA4: N-retinylidene-phosphatidylethanofamine
efflux

ABCB

MDR

11

ABCB1: Multidrug resistance

ABCB2 & ABCB3: Peptide transport
ABCB4: Phosphatidyicholine transport
ABCBS6: Iron transport

ABCB11: Bile salt transport

ABCC

MRP

13

ABCC1 & ABCC3: Drug resistance

ABCC2: Organic anion efflux

ABCC4 & ABCC5: Nucleoside transport
ABCCY (CFTR}: Chloride ion channel function
ABCCS8: Sulfonylurea receptor

ABCD

ALD

ABCD1: Very long chain fatty acid (VLCFA)
transport regulation

ABCE

OABP

ABCE1: Oligoadenylate binding protein

ABCF

GCN20

No membrane transport functions

ABCG

White

ABCG1; Possibly cholesterol transport
ABCG2: Toxin efflux, drug resistance
ABCGS5 8 ABCGS8: Sterol transport
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3.3 Organisation and structure

The basic unit of an ABC transporter consists of four core domains. Each of the four
core domains is encoded as a separate polypeptide. In other transporters the domains
can be fused in any one of a number of ways into multidomain polypeptides as shown in
figure 3.1. In cases in which one of the four domains appears to be absent, one of the
remaining domains functions as a homodimer to maintain the full complement (Higgins,

2001).

Periplasm

e,

¢ Inner membrane

Cytoplasm

Periplasm

s

2 Inner membrane
Cytoplasm

'Figure 3.1: The organisation of ABC transporters. The ABC transporter consists of four

domains. The two transmembrane-associated domains (TMDs) can be
homo- or heterodimeric and are represented by shaded squares.” The two
nucleotide or ATP-binding cassette domains (NBDs or ABCs) can also be
either homo- or heterodimeric and are represented by ovals at the
cytoplasmic face of the membrane. The domains can be fused in various
ways: (a) four separate polypeptides, (b) fused NBDs with heterodimeric
TMDs, (c) fused TMDs with homodimeric NBDs, (d) one NBD fused to one
TMD, (e) one TMD fused to one NBD, with the other TMD and NBD as
separate polypeptides (f) all four domains fused into a single polypeptide,
often found in eukaryotic ABC transporters (Linton & Higgins, 1998).

According to Higgins (2001), the two transmembrane domains (TMDs) span the

membrane muiltiple times via putative a-helices. Typically, there are six predicted

" membrane-spanning a-helices per domain and a total of twelve per transporter, althdugh

there is some variation on this formula. Some of the predicted membrané—spanning o-
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helices may not be crucial to the core function of the transporter but may serve auxiliary
functions such as membrane insertion or regulation. The TMDs form the pathway

through which solutes cross the membrane and determine the specificity of the

transporter through substrate-binding sites.

The other two domains, the ATP or nucleotide-binding domains (NBDs), are hydrophilic
and peripherally associated with the cytoplasmic face of thé membrane. These domains
consist of the core 215 amino acids of the ABC domain by which these transporters are
defined. It is important to emphasise that it is the conservation of this entire domain
which is important in defining and delimiting the family. Other ATP-binding proteins
which are not ABC transporters can include the Walker A and Walker B motifs. The
various structures differ significantly in the dimer interface and even though it seems
likely that the ABC domains do interact, the residues or faces of the domains involved in
such interactions are unknown. Similarly, it remains unclear which faces of the NBDs

interact with the transmembrane domains (Higgins, 2001).

In many ABC transporters, auxiliary domains have been recruited for specific functions.
The periplasmic binding proteins (PBPs) bind substrate external to the cell and deliver it
to the membrane-associated fransport complex (Higgins, 2001). The PBPs have two
diverse, but related functions.” The first is to impart high affinity and specificity. An initial
distinction between PBP-dependent and other fransporters was that the PBP transporter
showed remarkably high affinity. Similarly, most ABC transporters that lack a PBP, for
example drug transporters, have rather broad specificity while those with a PBP can be
highly specific. The second is to confer directionality. There is a 100 % correlation
between the presence of a PBP and solute uptake, and between the absence of a PBP
and solute export. Although this does not prove that the PBP determines directionality,
the fact that interaction of the PBP with the transporter at the outside of the cell can
trigger ATP hydrolysis at the cytoplasmic face of the membrane strongly implies such a
role (Higgins, 2001).

The structure of the mammalian multidrug resistance p-gp has been determined to 25 A
by single particle imaging and to 10 A by 2-D cryoelectron microsbopy. A large ring-like
chamber (figure 3.2) is formed by the TMDs in the membrane, with an opening to the
extracellular milieu and is closed at the cytoplasmic face of the membrane. The NBDs

are located at the cytoplasmic face of the membrane in tight apposition to the membrane
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domains. The structure is consistent with biochemical and genetic data for other ABC
transporters and it seems likely that it reflects a general architecture for ABC
transporters (Higgins, 2001).

Pore Outside

Lipid bilayer
Inside

!

Figure 3.2: Structure of ABC transporters. The proiein consists of an aqueous
pore, formed by the TMDs, with a large opening at the exiracellular
face of the membrane. The NBDs (shaded) are at the cytoplasmic
face of the membrane in close apposition to the TMDs and possibly
partly buried in the lipid biayer though not spanning the membrane
(Higgins, 2001).

3.4 Mechanism

3.4.1 The transport cycle of p-gp

Based on data, obtained from ABCB1, trapped at different stages of the ATPase cycle, a
model for the transport process has been put forward, involving the rotation of
transmembrane helices. The conformational changes during the transport cycle of Pgp
are shown in figure 3.3. For clarity, the ATPase cycle for only one NBD is shown,
although in p-gp both NBDs are required, and operate in an alternating catalytic cycle.
P-gp binds drug substrate from the inner leafiet of the lipid bilayer, at the intracellular
face of the membrane. Subsequently, ATP is bound by the NBD(s), inducing a
conformational change that results in a reduction in the affinity of drug binding and
reorientation of the site, such that it is exposed to the extracellular milieu, which is
probably an aqueous chamber formed by the TMDs of p-gp. The post-ATP hydrolysis
fransition state shows a third conformation that retains low drug binding. Following
release of ADP and/or P; the protein retums to its starting configuration and regains
high-affinity drug binding (Rosenberg et al, 2001).
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ATP binding
conformational changes
substrate release

Figure 3.3: Conformational changes during the transport cycle of P-gp (Pohl, 2003).
3.4.2 Mechanism in the intestine

The presence of p-gp in the idtestine is an important factor in the handling of many
substances because p-gp either mediates direct effiux through the intestinal wall and/or
limits the re-uptake after hepatobiliary excretion. In line with the expectations raised by -
its expression in the intestine, the presence of p-gp in this tissue can also reduce the
absorption of compounds, following oral administration, thus protecting the host against
orally ingested toxins (van Tellingen, 2001). Figure 3.4 shows the mechanism of p-gp
intestinal disposition of substrate. The p-gp substrate is absorbed from the intestinal
lumen into the enterocyte where the enterocyte is absorbed into circulation and
metabolism of substrate in the enterocyte takes place. Secretion of substrate back into
the intestinal lumen is facilitated by p-gp for elimination in the faeces (Matheny ef al.,
2001).
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Figure 3.4: Mechanism of p-gp intestinal disposition of substrate. (1) Absorption of p-
gp substrate from intestinal lumen into enterocyte. (2) Absorption from
enterocyte into the circulation. (3) Metabolism of substrate in the
enterocyte. (4) Secretion of substrate back into the intestinal lumen
facilitated by p-gp. (5) Movement of substrate through the intestinal lumen
for elimination in faeces (Matheny et al., 2001).

3.4.3 Mechanism in the CNS

Many drugs exert their phammacological effect and/or toxicity in the CNS. The blood-
brain bamier {(BBB), which comprises endothelial celis lining the brain capillaries,
represents an important physical, biochemical, and transport barrier that serves to imit
access of many xenobiolics to the CNS. Compared with vascular endothelial cells in
other parts of the body, the endothelial cells of the BBB have namow tight junctions with
low paraceilular transport, reduced pinocytotic activity, and specific transporters for the
uptake of nutrients and extrusion of numerous compounds. Xenobiotic penetration
across the BBB cormrelates directly with lipophilicity and affinity for transport by specific
upiake carriers and correlates inversely with molecular weight, number of hydrogen
bonds with water, degree of ionisation, and protein binding. Although it is generally
assumed that highly kpophilic drugs will achieve high concentrations within the CNS by
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passive diffusion across cell membranes, numerous lipophilic agents penetrate the CNS
poorly (for example loperamide, etoposide, domperidone, coichicines) probably because
most of these compounds are substrates for p-gp. The localisation pattem of p-gp within
the CNS is consistent with a putative protective role by either limiting brain uptake or
increasing efflux of p-gp substrates from the brain (Matheny et al,, 2001).

The mechanism of p-gp in the blood-brain barrier and central nervous system is shown
in figure 3.5. The p-gp substrate enters the brain capillary endothelial cell through
passive diffusion where it can passively diffuse to the interstitial fluid or be actively
transported from the capillary endothekal cell back into the blood by p-gp. Glial cell-
associated p-gp can also interact with p-gp substrate (Matheny ef al, 2001).

Blood

Figure 3.5: The mechanism of p-gp in the blood-brain bamier and central nervous
system. (1) Passive diffusion of pgp substrate from blood into brain
capillary endothefial celf, which may then, (1a) passively diffuse across the
endothelial cell to interstitial fluid, or, (1b) be actively transported form
capillary endothelial cell back into blood by p-gp. (2) Interaction of gial
cell-associated p-gp with subsirate (Matheny ef al., 2001).

3.4.4 Mechanism in the kidney

Renal clearance is a major route of elimmation for many drugs. Three processes govemn
- renal clearance: filtration, secretion, and reabsorption. It has long been recognized that
some xenobiotics undergo net secretion in the kidney, but the transporters involved were
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poorly characterized. Recent evidence suggests that p-gp plays a key role in the renal
elimination of certain substrates by means of active secretion into the urine. P-gp is
expressed on the apical side of kidney proximal tubule cells and may be in other portions
of the nephron, such as the loop of Henle. Nonfiltered substrates must cross the
basolateral membrane, either by diffusion or camier-mediated processes, to interact with
p-gp. in addition to increasing the direct flux of drug from blood to urine, p-gp may limit
reabsorption of substrates that are filtered at the glomerulus (Matheny ef al, 2001).

Figure 3.6 Hustrates the mechanism of p-gp in renal disposition of unbound substrate.
The uptake of p-gp substrate from the blood into the proximal tubule cell takes place
first, followed by the metabolism or trafficking of substrate. Lastly, secretion into the
tubular filtrate is facilitated by p-gp (Matheny ef al,, 2001).

[ Nephron

:? Renal proximal tubutar cell

Proximal
tubule

Unbound
p-gp substrates

Figure 3.6: The mechanism of p-gp in renal disposition of unbound substrate. (1)
Uptake of pgp substrate from blood into proximal fubule cell. (2)
Subsequent metabolism or trafficking of substrate. (3) Secretion into
tubular filtrate by p-gp (Matheny ef al., 2001).




3.5 Locatjon and function

In the absence of therapeutics or toxins, the normal physiological function of p-gp is
uncertain. Studies done on MDR1 knock out mice, show that they have normal viability,
fertility and a range of biochemical and immunological parameters (Delph, 2002). The

location and function of p-gp in the body is summarized in table 3.2.

Table 3.2: Location and function of p-gp (Delph, 2002).

Organ/tissue ' Site Function
Gut Apical surfaces of superficial [ Intestinal excretion and reduced
e Colon columnar epithelial cells absorption of drugs and toxins
e Jejunum _
Liver and Hepatocytes on biliary canalicular | Hepatobiliary excretion of drugs and
biliary system | front toxins

Apical surfaces of epithelial cells

of small biliary ductules

Hepatocytes Regulation of cytochrome
, expression

Pancreas Apical surfaces of epithelial cells | Unknown
of small ductules _

Kidney Apical surfaces of epithelial cellé Urinary excretion of drugs and
of proximal tubules toxins

Brain Luminal surfaces of endothelial | Contributes to the BBB, keeping
cells of cerebral capiliaries drugs and toxins out of the brain
Choroid plexus Unknown

Peripheral Endothelial cells of nerve | Contributes the blood-nerve barrier,

nerves ‘ capillaries keeping drugs and toxins out of

nerves
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Organftissue

Site

Function

Uterus Epithelial cells of placenta Contributes to the materno-foetal
barrier, keeping drugs and toxins
out of the foetus

Steroid-producing cells of Unknown—possible' role in steroid
endometrial glands production

Testis  and | Capillary endothelial cells Contributes to the blood-testis/ovary

ovary barrier, keeping drugs and toxins
out of the gonads

Immune Skin dendritic cells Migration of dendritic cells to lymph

system nodes

Activated lymphocytes Transport of some cytokines out of
cell
Natural  killer and

cyctotoxic T cells

CDa+

Reduces cylolytic activity

Bone marrow

Hematopoietic stem cells

May remove drugs and toxins from

the bone marrow

Adrenal Medulla and corfex Unknown-possible role in steroid
gland ' production

Large Endothelium Unknown-possible role in
arteries accumulation of intracellular

cholesterol ester in atherosclerotic

lesions

3.6 Result of defects

ABC trahsporters give rise to an’_tibiotic and antifungal resistance in micro organisms,

drug resistance of cancers occuring in man and many genetic diseases such as cystic

fibrosis, Tangier disease and obstetric cholestases (Higgins, 2001).
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3.7 Substrates

A wide variety of drugs can be transported by p-gp (Schinkel, 1999). A summary of the
p-gp substrates and inhibitors is given table 3.3.

Table 3.3: P-glycoprotein substrates and inhibitors (Sun ef af,, 2003).

P-gp substrates

P-gp inhibitors

Cancer drugs:

Cyclopropylibenzosuberane:

+ Doxorubicin e Vincristine o 1[Y335979
e Daunorbicin » Paclitaxel
. anblastine » FEtoposide
Immunosuppressive Immunosuppressant:
drugs: o Cyclosporin A e Valspodar
e Cyclosporin A » K506 (PSCB333)

Lipid-lowering agent:

o lovostatin

Calcium channel blocker

s Verapamil

Steroids:
+« Aldosterone

o Cortisol

e Corticosterone

« Dexamethasone

Progesterone antagonist:
o Mefipristone (RU486)

HIV protease inhibitors:
e Amprenavir

» [ndanavir

o Ritonavir

e Saquinavir

Anti-arithmic agent:

e Quinidine

Cardiac drugs:
o Digoxin

o Quinine

Antifungal agentf

o Ketoconazole

Anti-diarrheal agent:

e Loperamide

Acridonecarboxamide derivative:
o (GG918 (GF120981)

Anti-tuberculous agent:

o Erythromycin

Topoisomerase
e Xenova (XR 5944)

Anti-helminthic agent:

e |vermectin

Peptide chemosensitizers:
e Reversin 121 and 125

Fluorescent dye:
¢ Rhodamine-123
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These substrates are a structurally diverse set of compounds with sizes ranging from
about 250 Dalton (Da} to more than 1850 Da and it is uncertain how p-gp can recognize
and transport them. Many compounds contain aromatic groups, but non-aromatic linear
or circular molecules are also fransported. Basic or uncharged compounds are most
effectively transported, but zwitterionic and negatively charged compounds such as
phoshatidylcholine analogues and methotrexate can also be transported. All these
substrates that are transported by p-gp have thus far only one universal strucfural
denominator, which has been identified, namely a fairly hydrophobic and amph-ipathic
nature. These physical characteristics probably relate to the mechanism of drug
translocation of the membrane lipid bilayer. One favoured, yet unproven model
proposes that p-gp transports its substrétes mainiy by ‘flipping’ them from the inner to
the outer leafiet of the plasma membrane, which would result in a net efflux of drug.
Whatever the precise molecular mechanism of drug transport, p-gp activity can mediate
very effective extrusion of drugs penetrating the plasma membrane, which resuits in very

low intracellular drug levels (Schinkél, 1999).

It was discovered that numerous compounds with low or even absent intrinsic
cytotoxicity could effectively inhibit p-gp-mediated drug transport. Many of these so-
called reversal agents or p-gp blockers are in fact themselves transported substrates,
which suggest that they inhibit in a competitive manner. They are as diverse in structure

as the known p-gp substrates (Schinkel, 1999). See table 3.3.
3.8 P-glycoprotein and peptides

Several studies have demonstrated that p-gp interacts with peptides and opioids. P-gp
appears to be a functional barrier to the intestinal absorption of the cyclic peptide
DMP728 in rats. Mucosal-to-serosal flux was 4-fold lower than serosal-to-mucosal flux,
suggesting net export from blood to the intestinal lumen. Considering the apparent role
of p-gp in the disposition and action of opioids and peptides, it is not unlikely that opioid
peptides are substrates for this transporter (Chen & Pollock, 1998).

Chen & Pollock (1998) suggested that the opioid peptide, [D-Penicillamine*®Jenkephalin
(DPDPE) is a substrate of p-gp, and that p-gp is responsible, in part, for the low
penetration of DPDPE into the brain. Sharma ef al. {1991) demonstrated that the
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synthetic hydrophobic tripeptide, N-acetyl-leucy!-leucyl-norleucinal (ALLN) is a p-gp
substrate, thus capabie of transporting peptides.

‘According to King et al. (2001), functionally active neurotransmitters/neuromodulators
are released directly from the brain into the blood through a saturable p-gp transport
system. Downregulation of p-gp expression reduced the brain-to-blood transport of
morphine, beta-endorphin and other opioids. The ability of the p-gp transport system to
pump functionally active compounds from the brain to peripheric system defines a
potentially important mechanism for the CNS to modulate peripheral systems,

Thompson ef al. (2000) studied the analgesic efficacy of multiple opioids known to be p-
gp substrates in vitro. They found that the analgesic efficacy of morphine, methadone,
and fentanyl were increased in animals that lack p-gp, suggesting that p-gp plays an
important role in limiting access of these drugs to the brain. In contrast, the analgesic
* efficacy of meperidine and morphine-6-glucuronide were not increased in animals that
lacked p-gp, suggesting that p-gp does not limit the bioavailability of these opioids within

the brain.

Letrent et al. (1999) demonstrated that morphine is transported by p-gp in brain capillary
endothelium and that the BBB permeability of morphine may be altered in the presenbe
of p-gp inhibitors such as GF1 20981, Cyclosporin A and verapamil. Callaghan &
Riordan (1993) also found that morphine and related narcotic analgesics interact with p-
gp and that p-gp may be involved in determining the distribution and side effects of these

compounds.

The effect of daily morphine administration on CNS p-gp expression in rats was
examined. Morphine treatment resulted in an increase in p-gp expression after 5 days.
The question was raised whether long-term administration of opicids may increase p-gp

expression in the CNS, therefore modulating opioid activity (Matheny et al., 2001).

The peptide casomorphin, as the name implies, has opioid-like effects (Knivesberg et al.,
2002), in particular that of morphine (Reid & Hubbel, 1994). Therefore we postulate that
casomorphin may be a substrate for p-gp, especially when taken in consideration that

other opioid peptides and morphine are substrates as well.
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Chapter 4

Hypothesis and aim of study

Some symptoms of ADHD may be caused by exogenous peptides derived from certain
foods (Hole et al. 1988; Compart, 2003). One of the offending peptides is casomorphin,
derived from mik. These peptlides may cross the intesiinal wall through normal
absorption or a leaky gut. P-glycoprotein, located in the intestines would export the
unwanted peptides back into the intestine. We hypothesize that defective p-gp in the
intestine can not pump these pepfides back into the intestinal gut and it is then excreted
in the urine, resutting in elevated peptide levels (figure 4.1).

The aim of our study was o determine whether defective pgp coniributed to elevated
peptide levels found in the urine of certain children with ADHD. To test this hypothesis,
rats were treated with casein and a p-gp inhibitor.

Gut
lumen

A Peptide
levels

Figure 4.1: Effecis of p-gp efflux on access of drugs in the intestines (Adapted from
Benet & Cummins, 2001).




Chapter 5

Methods

5.1 Introduction

The occurrence of a characteristic urinary peptide profile and the peptides B-
casomorphin and B-casomorphin-5 wefe determined in the urine samples obtained from
children with ADHD as well as samples obtained form rats, using HPLC with UV
detection. This method was adapted from Reichelt & Reichelt (1997).

5.2 Urine sample preparation for HPLC analysis

Urine samples obtained from human subjects and rats were filtered through 0.45 p filters
and theif creatinine values were determined. A volume equivalent to 400 nmol of
creatinine was speedvacked and diluted to 160 pl with Milli Q50 water for HPLC. A
volume of 100 pl, equivalent to 250 nmol creatinine (Reichelt & Reichelt, 1997) was

injected.
5.3 HPLC analysis

5.3.1 Chemicals and reagents

The chemicals and reagents used for the HPLC determination of urinary peptides are

summarised in table 5.1.

Table 5.1: Chemicals and reagents

Chemical or reagent Supplier
Acetonitrile for HPL.C Acros Organics, New Jersey, USA
Trifluoroacetic acid Sigma Chemical Co., St. Louis, MO
Hippuric acid . , Sigma Chemical Co., St. Louis, MO
-casomorphin Sigma Chemical Co., St. Louis, MO
3-casomorphin, fragment 1-5 Sigma Chemical Co., St. Louis, MO
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5.3.2 Instrumentation and conditions

The chromatographic conditions are summarised in table 5.2 and table 5.3.

Tahle 5.2: Instrumentation

Instrumentation Specifics
Software Agilent Chemstation for LC Systems
HPLC system HP (Hewlet Packard) Agilent 1100 series auto sampler
HPLC detector HP Agilent 1100 series ultra violet diode array detector
(UV-DAD)
HPLC pump HP Agilent 1100 series quaternary pump
HPLC column Vydac Protein & Peptide (C-18, 250 x 4.6 mm)
Pre-column Securityguard {(C-18, 4 x 3 mm) Phenomenex

Table 5.3: Conditions

Condition Specifics
Injection volume 100
Flow rate 1 ml/min
_ o Buffer A: 0,1 % trifluoroactic acid (TFA)
Mobile phase
s Buffer B: 0,1 % TFA in acetonitrile
Wavelength 215 nm and 280 nm
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5.3.3 Gradient flow

The elution was performed as follows:

1. Step 1, using buffer A with 1 % B for 15 minutes to wash out most amino acids,
urea, and salt,

2. Step 2, a gradient from 1-40 % B was run for 60 minuteé linearly (from 15-75
minutes),

3. Step 3, from 75-80 minutes with B from 40-60 %,

4. Step 4, from 80-892 minutes isocratically at 60 % buffer B,

5. Step 5, return to 1 % B from 839-94 minutes; Step 6, re-equilibration at 1 % B

from 89-115 minutes.

5.3.4 Preparation of standard solutions
o Hippuric acid: 100 i o_f a 1mg/ml solution was injected.

» [}-casomorphin and B-casomorphin, fragment 1-5: An amount of 5 nmol was

injected.
5.4 Urine samples

Urine samples of children identified with ADHD, control groups and rats were analyzed
using HPLC with UV detection. The Ethics committee of the North-West University

approved all experiments.
5.5 Rat model
5.5.1 Preparation of materials

556.1.1 Preparation of casein

Casein powder (BDH Chemicals Lid., England) was mixed with sweet oil. Each rat
received 0.075 g casein in 0.3 ml sweet oil twice a day which was administered with an
oral tube. Dosages were calculated according to the average weight for each specific

group. The dosage was adapted from Froetschel et al. (2001).
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551.2 Preparation of cyclosporin A

Cyclosporin A (Sandimmun® Novartis South Africa (Pty) Ltd) for injection was diluted
with 0.9 % sodium chloride for injection. Each rat received a volume equivalent to 50 mg

cyclosporine/kg (Hendriks et af., 1999).
5.5.1.3 Preparation of vehicle

Each rat received a volume of vehicle equivalent to 50 mg cyclosporine/kg body weight.
Cremaphor EL (650 mg/m!) was diluted with alcohol (32.9 % by volume) to volume and
further diluted with 0.9 % Sodium chloride for injection.

5.5.2 Group division and treatment

Male Sprague Dawley rats weighing between 224 g — 340 g were used. 32 Rats were
divided into 4 groups of 8 each (table 5.4). Group 1 and 2 received two divided oral
doses of casein twice daily as part of their diet. Group 2 received cyclosporine
intraperitonealy, and group 1, the control group was given a vehicle. Group 3 and 4
were placed on a normal diet. Group 4 received cyclosporine and its control group,
group 3, the vehicle. The procedure was repeated for 5§ days and urine samples were
collected each day after injection with cyclosporine or vehicle. Urine samples were
collected from metabolic cages housing the test animals and were analysed by HPLC on

day 0, 1, 3 and 5, day 0 being the control before any dosage had taken place. ' .

Table 5.4: Group division

Group 1 Casein diet and vehicle (control)
Group 2 Casein diet and cyclosporine
Group 3 Normal diet and vehicle (control)
Group 4 Normal diet and cyclosporine
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Chapter 6

Results and discussion

6.1 Human subjects

We analyzed the peplide region in the urine of 12 ADHD patienis and 12 healthy
persons, the iatter serving as control for our study, and also screened the urine samples
for the occurrence of 2 peptides namely, B-CM and B-CM-5. These two peplides are
readily available and are markers often used in peptide analyses. The peptide region,
indicated with a horizontal amow (figure 6.1), can be observed after hippuric acid which
elutes at about 20 minutes. A sample was considered to be positive when it displayed a
number of large peaks in the peptide region.

6.1.1 Positive ADHD control
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Figure 6.1: Urinary profile of a positive ADHD control
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Figure 6.1 shows the urinary profile obtained from a child who had been diagnosed with
ADHD. This patient served as positive contro! for our study. The area under the peak
indicates the amount of each component present in the extract (Shattock & Savery,
1996). The peptides with biologica! activity tend to appear in the region after hippuric
acid (Reichelt & Knivsberg, 2003), which elutes at about 18 -19 minutes in this particular
system. Both the peptides 3-CM (40 minutes) and 3-CM-5 (49 minutes), can be seen in
the profile (figure 6.1). The presence of these peptides in the chromatogram suggests
that this particular HPLC method, which was also used in our study, is suitable for the

analysis of the peptides in question.

6.1.2 ADHD subjects

Ten of the ADHD patients did not present with the expected urinary peptide profile. Two
patients did however exhibit the characteristic urinary peptide profile. One of these two
patients had not been on any medication and the other patient had been on
Methylphenidate only for a period of 2 months when the urine sample was taken.
Methylphenidate 'could have influenced the outcome of our results. We established that
the ten ADHD patients who did not display the peptide profile had been on
Methylphenidate for 8 months or longer. '
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Figure 6.2: Urinary profile of the nonmedicated ADHD patient.

3
g  Hippuric
800 =
» acd
SO0
B
=
8
400 -
200 -
YL A A y zzddg =
o S xainantinnmmiiid il

Figure 6.3: Urinary profile of ADHD patient who received Methylphenidate for 2 months.

Figure 6.2 and 6.3 show the urinary profiles obtained from the 2 ADHD patients who
presented with the positive urinary peptide profile. The peptide profile in figure 6.2 was
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obtained from the patients who had not received any medication and the peptide profile
in figure 6.3 was from the patient who had been on Methylphenidate for 2 months.
These chromatograms dispiay the same characteristic peptide profile in the peptide
region as can be observed in the positive control (figure 6.1). Both the B-CM (48.5
minutes in figure 6.2) and B-CM-5 (40.8 minutes in figure 6.2 and 39.7 minutes in figure
6.3) peaks, though relatively small, are present.
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Figure 6.4: Urinary profile of an ADHD patient

Figure 6.4 displays the profile of one of the 10 patients who did not present with the
expected peptide patiem. The profiles of the other 9 patients can be seen in Appendix A.
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Figure 6.5: Urinary profile of a control subject.

Two out of the 12 subjects in the control group (patient 7 and 11, appendix A2) displayed
the characteristic urinary pepfide profie. The rest of the control group displayed no
significant peptide pattems in the peptide region (figure 6.5 and appendix A2).

6.1.2.1 Patients with 8-CM and R-CM-5 in urine

The presence of B-CM and B-CM-5 in the urine of the 12 healthy subjects and 12 ADHD
patients was investigated. In the control group, 7 subjects exhibited the B-CM peak and
none the B-CM-5 peak. A significant number of the ADHD group, presented with both B-
CM and B-CM-§ in their urine. Ten out of a possible twelve of these children had 8-CM
in their urine and 9 had B-CM-5. i should be noted, however, that the area under the
curve of these peaks (Appendix A1) was small compared to that of the positive control

(figure 6.1).
Discussion

According to Shattock & Savery (1996), exogenous peptides derived from the diet are
responsible for the charactenistic urinary peptide profiles. An increase in urinary
peptides can be observed in various conditions such as autism, schizophrenia, celiac
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disease, PDD, ADHD, ADD, dysiexia and OCD (Shattock & Savery, 1996; Center for

autism and related disorders, 2001).

Although ten out of the 12 ADHD patients presented with 3-CM or 3-CM-5 in their urine,
only two of the 12 ADHD patients displayed the characteristic urinary peptide profile
presented in figure 6.1. The presence of such peptides may be of importance in
understanding ADHD and its‘ possible causes. Although there were slight variations
from day to day, which are reflective of temporary dietary or other changes, the patterns
for each individual retain characteristic features.

According to Shattock & Savery (1896), there are a number of situations in which the
peptide levels can rise: Given the same order of leakiness of the gut wall and BBB as in
normal persons, greatly increased levels of peptides in the gut will result in an increased
quantity of peptides reaching the CNS. The reason for the increase may be the result of
inadequate enzyme systems which are responsible for their breakdown, for exampl_e,
genetically determined deficiencies of the required endopeptidase enzymes. There
could be shortages of cofactors, such as vitamins and minerals required for the enzymes
to function properly. Alternatively, the pH in the relevant areas of the gut may be

inappropriate for the specific enzymes to act as they should (Shattock & Savery, 1996).

The peptide levels in the gut could be normal, but for some reason, the gut wall may be
- excessively leaky so that vastly increased quantities of the peptides will cross the gut
wall and enter the biood stream. Thus, there will be an increased level of peptides in the
CNS with possible clinical consequences. There are a number of factors which could
result in increased leakiness of the gut. There may be damage caused by purely
physical action such as a surgical operation or some natural flaw. Deficiencies in the
phenyl sulphur transferase (PST) systems can lead to increased permeability of the gut
wall. Normally the proteins lining the gut wall are sulphated and, in this state, form a
continuous protective layer over the surface of the gut wall. When there is insufficient
sulphation, the proteins clump together and the layer becomes irreguiar. The net result
is an increased permeability of the gut wall. In this case, the passage of peptides across
the gut wall is greatly enhanced (Shattock & Savery, 1996). "

Another reason could be that the blood-brain barrier may be less effective than normal

s0 that any opioid peptides in the blood stream would easily pass into the CNS and exert
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their full range of actions. The blood-brain barrier is a complex system, which is partly
physical and partly biochemical. The biochemical element consists, in part, of enzymes,
which should destroy potentially harmful substances such as exogenously derived
peptides. According to these hypotheses, the peptidase activity may be depressed and
the barrier could be somewhat more permeable than normal. There may be other
environmental factors which could exacerbate the process either slightly or dramatically
(Shattock & Savery, 1996). Meningitis, other infections and physical damage can all
greatly increase the permeability of the blood-brain barrier and increase peptide levels in
the CNS (Shattock & Whitely, 2001).

In healthy persons, proteins are broken down in the gut and peptides occur as
intermediate compounds, which will then be broken down further into their amino acid
components. A small proportion transfers across the intestinal wall and blood-brain
barrier to the CNS, but at such low levels that they have little effect {Shattock & Savery,
1996). It is therefore expected to see some patients with these peptides occurring in the
urine. Ten out the 12 ADHD patients portrayed small peaks in the peptide region and
according to Shattoék & Savery (1997) they are likely to be of no clinical significance due
to their comparatively low levels or their structure. These 10 patients were all on
Methylphenidate and it may explain why they did not present with the peptide profiles.
One of the remaining patients was not on any medication while the other one had only
been on Methylphenidate for 2 months. These 2 patie.nts displayed the characteristic
urinary peptide profile for ADHD. The other patients on Methylphenidate had been
taking this drug for 8 months or longer. These patients showed no significant peptide
pattern and it could therefore be speculated that Methylphenidate is somehow involved
in the transport of these peptides. If defective p-gp is the cause of this occurrence and
the use of Methylphenidate reduces the occurrence, then Methylphenidate may be a p-
gp agonist or inducer. The duration of treatment may also play a role, because the
patient that had been taking Methylphenidate for only 2 months did display the urinary
peptide profile.

The mechanism in the gut applies to the brain as well. P-gp is present in the BBB and
functions to extrude substances from the brain. Methylphenidate may also be involved

in extruding these peptides from the brain.
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Up to present, no studies have been conducted to study the influence of
Methylphenidate on p-gp. An increase in cyclosporine blood levels was documented in
a boy who received. methylphenidate as well (Lewis ef al., 2001). Cyclosporine is also

known to be a p-gp substrate (Matheny et al., 2001). It could therefore be argued that -

methylphenidate may play a possible role in p-gp, although the precise mechanism is

unknown.

Two control subjects also displayed the peptide profile. This could be attributed to an
undiagnosed condition such as a leaky gut and/or ADHD.

According to our hypothesis, p-gp is responsible for the occurrence of certain peptides in
the urine. If the p-gp is defective, the peptides will not be transported back into the
intestinal gut and will be excreted in the urine. To verify this possible mechanism, a rat .

model was used.

6.2 Rat model

The rats were freated as discussed in 5.5.2. None of the rats in the various groups
disp!ayed' the characteristic urinary peptide profile found in humans (figure 6.1).
Although there were slight differences in the peptide profiles of individual rats, there
seemed to be no pattern when individual rat profiles were compared over the 5 days or
when the various groups were compared to each other. Group 2, which received casein
and cyclosporine (pfgp inhibitor), was expected to display more peptides in their urine,
but did not show any. None of the rats presented with either of the 2 peptides, 3-CM-5
or B-CM in their urine. Figure 6.5 represents the urinary profile of a rat that received

casein as well as cyclosporine.
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Figure 6.5: Urinary profile of rat that received casein and cyclosporine

Discussion

The results were not what we anticipated. None of the profiles showed the characteristic
urinary peptide profile (figure 6.1) or significant levels of the 2 peptides, B-CM-5 and B-
CM. According to our hypothesis, group 2, who received the casein in addition to their
normal diet and cyclosporine, the p-gp inhibitor, should have shown significant levels of
-CM-5 and R-CM in their urine. Overall, there was no distinguishing urinary profile
pattern within individuals in the groups or between the various groups. The profiles
portrayed small peaks in the peptide region and according to Shattock & Savery (1997)
they are likely to be of no clinical significance due to their comparatively low levels or

their structure.
P-glycoprotein

P-gp can be found in many organ systems and several tissues, such as the intestine,
CNS, liver and kidney (Matheny et al., 2001). According to our hypothesis, if p-gp in the
intestinal gut is defective, it will result in increased levels of peptides in the urine, for the
peptides can not be transported back into the GIT. We mimicked the defective p-gp in
the intestinal wall by giving a p-gp inhibitor, but did not take in account that the inhibitor
may have an effect on other systems, eg. p-gp in the renal tubular.In the kidney, p-gp
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participates in the excretion of xenobiotics and endogenous toxic metabolites into the
uring (Liu & Brunner, 2001), thus inhibition of p-gp in the kidney will lead to increased
blood leveis, and the substances will not be excreted in the urine. Inhibition of p-gp in
the GIT and kidney will lead to increased blood levels of orally digested substances,
because the inhibition will prevent the substances from being transported back into the
GIT and excreted in the urine. If we can assume that p-gp was blocked in the gut and
renal tubular, we would expect to slee no peptides in the urine, but elevated levels of the
peptides in the blood. It is therefore possible that p-gp blood levels might have been
elevated in the rats treated with the cyclosporine. According to literature, no studies to
date had been done where the urine was analyzed after oral administration of a

substance and a p-gp inhibitor.
P-glycoprotein inhibitor

Various studies on p-gp used cyclosporine as a choice for p-gp inhibition (Kabasakal et
al,, 2000; Hendrikse ef al., 1999). Co administration of cyclosporine with paclitaxel
(Meerum Terwogt et al., 1999) and docetaxel (Malingre et af., 2001) enhanced the oral
biocavailability of these drugs due to p-gp inhibition. Cyclosporine markedly increased
the analgesic effects of morphine in wild-type mice and the results suggest that p-gp
reduces the analgesic effect of these opioids by restricting their permeability into the
brain (Zhang et al,, 2003). Schinkel & Jonker (2003) and Matheny ef al. (2001) also
refer to cyciosporine' as a p-gp inhibitor.

There are however evidence that cyclosporine may be a p-gp inducer. Lui & Brunner
(2001) indicated that cyclosporine induced renal p-gp overexpression in a dose-
dependant manner.. Jette ef al. (1996) revealed that the induction of p-gp expression
due to cyclosporine is not only dose-dependant, but time-dependant as well. The p-gp
levels in the liver, intestine, kidney and lungs were maximal after 10 days of cyclosporine
treatment in rats. Chronic cyclosporine treatment reversibly induces renal p-gp
expression and this'induction occurs in a dose-dependant manner, and is independent
of administration routes. These results implicate the potential difficulty of using
cyclosporine as a modifier for reversing, thus inhibiting, multidrug resistance and drug
interactions involving renal excretory mechanisms (Lui & Brunner, 2001). Johnson,
(2002) and Matheny et al. (2001) also regarded cyclosporine as a p-gp inducer.
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The implication of above mentioned for our study is that we may not have used a
suitable p-gp inhibitor. Induction of p-gp in the GIT will result in the peptides being
transported back into the gut fqr elimination in the faeces. If there is only induction of p-

gp in the kidney, it will lead to increased levels of peptide in the urine.

Although the function of p-gp in the various tissues is understood, the situation in the
kidney remains less clear. One expects an excretory function in the kidney, pumping
substrates from the blood into the urine; however, some studies using p-gp knockout
mouse models have given equivocal results (Schinkel & Jonker, 2003). In some cases
the absence of p-gp in the mice resulted in increased rena! excretion and even
clearance‘ of drugs, which would seem to contradict an excretory function. This
however, may in part have to do with a general rerouting of excretory pathways for p-gp
substrates in p-gp knockout mice, or with changes in expression of other transporters or
enzymes that affect the drugs tested (Smit ef al., 1998). '

Due to uncertainty about the tissues affected by the p-gp inhibitor and the precise
mechanism of cyclosporine it may offer an explaination why none of the rat profiles

revealed any significant peptide patterns.
Sprague Dawiey rats

Sprague Dawley rats were used in this study because they are readily available and
handiing is easier than with mice. Sprague Dawley rats were used in various studies
investigating peptides such as gliadofphin-’l (Sun & Cade, 2003), casein {Froetschel et
al., 2001) and B-Casomorphin (Sun et af., 1999), opioids (Reid & Hubbell, 1994), as well
as a variety of studies on p-glycoprotein {Letfrent et al., 1999; Kwan ef a{., 2003).

There are howsver a few limitations one has to take in consideration when making use
of an in vivo model:" It is often difficult to get an effective amount of the inhibitor to the
intended target site. If the inhibitor is given orally it may be susceptible to first pass
metabolism, which ¢an render the inhibitor inactive or increase its rate of elimination.
Even when the drug is administered intravenously, the inhibitor can still be limited by
factors such as protein binding and/or a lack of organ distribution. Also, when an
appropriate amount of the drug reaches the intended organ, depending on the affinity of
the inhibitor for the drug efflux protein, complete blockade may not be obtained. Finally,
since the inhibitors modulate drug efflux function in a transient manner, the timing in
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which these inhibitors are used is critical. [f the inhibitor and the drug of interest are not
administered appropriately, the drug efflux protein may regain function before the drug

reaches its intended targef (Zhang et al., 2003).

To determine the impact of drug efflux transporters on drug absorption, distribution and
elimination, one requires in vivo examination. There are transgenic and mutant animal
models that can be used as ah important tool for assessing drug efflux transporter
activity (Zhang ef al., 2003).

The transgenic model involves gene knockout. Unlike humans, which have only one
gene that encodes the p—gp involved in muitiple drug resistance, mice have two, madrfa
and mdr1b. Consequently, one and/or both can be knocked out to evaluate p-gp
function in drug absorption, distribution and excretion (Zhang et al., 2003).

Mutant models are naturally deficient in the expression of a drug efflux transport protein.
A subpopulation of the CF-1 mouse strain exhibits a genetic defect which results in the
absence of p-gp expression and these CF-1 mutant mice can be used to investigate the
effect of p-gp in drug activity {(Zhang et al., 2003).

In future studies, one of the transgenic or mutant models could be used, which will
eliminate the problem of administering a p-gp inhibitor as well as the affinity of the
inhibitor for the p-gp where complete blockade may not be obtained, and the timing in
which these inhibitors are used, which is critical for desired effects to be achieved
(Zhang et al., 2003). The different tissues which could possibly be affected by the

inhibitor will also be avoided.
Protein loading

The orally administered casein may host some problems as well. Froetschel et al.
(2001) conducted a'j study where rats were given premeal loads consisting of casein.
Each rat received the premeal equivalent to 0.25 g casein by means of a latex feeding-
tube catheter. We used casein powder mixed with sweet oil, but had to lower the
dosage to 0.15 g per rat due to problems with the administration of the solution. The
casein solution was too dense to administer with the oral tube. Therefore, the rats might
not have received an adequate dosage for the study. It is also possible that casein is
fully digested by rats and that there are no peptides left after digestion for excretion.
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Other studies done on opioid peptides include in vitro studies where Jinsmaa &
Yoshikawa (1999) investigated the release of B-CM-7 from bovine B-casein by
gastrointestinal proteases, and Fukudome & Yoshikawa (1992) who isolated and
characterized opioid peptides from the enzymatic digest of wheat gluten. /n vivo studies
include examining the behavioural and analgesic effects of B-CM in rats (Sun & Cade,
1999), determining the brain localizaiton affected by B-CM (Sun et al, 1999) and
comparing the effects of gliadorpin-7 infusion in rats in comparison with B-CM-7 in
various brain regioné (Sun & Cade, 2003). No previous in vivo work has been reported
that investigated the effects or the presence of peptides such as 3-CM in the urine after

oral administration of casein.

If these peptides are substrates of p-gp, they first need to cross the intestinal wall before
being transported back into the GIT. According to Shattock & Whitely (2001), peptides
cross the gut wall if it is excessively leaky, leading to higher peptide levels in the blood
stream. It probably takes some time for the gut wall to become permeable, thus to
investigate the effects of p-gp, one must first have a leaky gut. The rats we used were
healthy with intact intestinal walls, and even if there had been adequate p-gp inhibition
with the cyclosporine, the peptides might not have been able to cross the gut wéll to be

excreted in the urine and therefore there would be no peptides present in the urine.
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Chapter 7

Conclusion

Attention deficit disorder with hyperactivity is the most commonly diagnosed behavioural
disorder of childhood (Glickman-Simon et al.,, 2001}, with symptoms such as inattention,
hyperactivity, impulsivity and learning difficulties (Glickman-Simon ef al., 2001; Kirley ef
al., 2002). The exact cause of ADHD remains uncertain, but the prevailing theories
-include genetic and hereditary factors, neurobiological conditions and pathologies,
prenatal influences, nutritional factors and deficiencies, environmental/toxin influences
and gut immunology mechanisms that directly affect the central nervous system {Anon,
2000; Mehl-Madrona, 2003).

Stimulant medications are widely researched and commonly prescribed for the treatment
of ADHD. Although researchers do not fully understand how these medications improve
ADHD symptoms, studies indicate that methylphenidate (Ritalin®), the most commonly
prescribed stimuiant, significantly increases dopamine levels in the brain (Glickman-
Simon et al., 2001).

In a study done on several behavioural disorders, abnormal amounts of peptide and
protein-aséociated peptide complexes were found in the urine of patients. The symptoms
of these patients fitted the criteria for ADHD (Hole ef al., 1988). According to Shattock &
Savery (1998), the presence of these peptides is the result of a leaky gut which allows

the peptides to cross the gut wall and enter the blood stream.

The function of p-gp is to actively pump a diverse selection of xenobiotics out of the cells
in which it is expressed (Thompson et al., 2000). P-gp can be found in the intestine
(Matheny et al., 2001) and can limit cellular uptake of drugs from the gastrointestinal
lumen into the enterocyte (Lin, 2003). According to our hypothesis, defective p-gp in the
intestine can not pump these peptides back into the intestinal gut and it is then excreted

in the urine, resulting in elevated peptide levels.

Only two patients used in our study showed significant levels of peptides in their urine.
One patient did not receive Methylphenidate and the other patient was on
Methylphenidate for 2 months. The rest of the ADHD patients did not reveal any
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significant peptides in their urine and were on Methylphenidate for 8 months or longer.
We speculate that the Methylphenidate influenced the outcome of the results. The exact
mechanism of Methylphenidate is unknown (Glickman-Simon et al., 2001), and we
suspect that in addition to its known ‘stimulant properti'es to significantly increase
dopamine levels in the brain (Glickman-Simon et al, 2001), it may activate p-gp and

help with extrusion of dietary peptides back into the GIT.

The rat model we used to verify that defective p-gp is responsible for the occurrence of
peptides in the urine did not give the expected results. One group of animals were on a
normatl diet and served as control fof the second groups who received cyclosporine the
p-gp inhibitor. A third group received casein in their diet as well as cyclosporine while a
fourth group received only casein and served aé controf for the third group. There were
no significant urinary peptide profiles in any of the groups. it could be speculated that
cyclosporine was not the ideal inhibitor to use, because there exists some confusion
regarding its effects.dn p-gp. Some studies refer to it as a p-gp inhibitor (Kabasakal et
al., 2000; Hendrikse_ et al., 1999) and others as a p-gp inducer (Lui & Brunner, 2001,
Johnson, 2002). Because of the conflicting repoi‘ts about the inhibitor/inducer effects of
cyclosporine on p-gb, it would be difficult to predict the net effect of cyclosporine on the
p-gp in the various tissues. It may be possible that defective p-gp alone may not be
responsible for the occurrence of peptides in the urine, but defective p-gp as well as a

leaky gut.
Recommendations for future studies:

e Investigation of the possible role of Methylphenidate in the mechanism of p-gp
using an in vitro model e.g. a two chamber diffusion system with rat intestine

mounted between the donor and receiver comparfments (Shono et al, 2004).

o Using a different p-gp inlhibitor in the rat model to verify whether defective p-gp is
responsible for the occurrence of ADHD.

* Investigating the occurrence of peptides in the urine after p-gp inhibition in rats

which have a leaky gut.
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Appendix A

A1: Children with ADHD
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A2: Control group

Patient 1:

,.mu'] 4
F
L E
%
B0
g
7
2 Ei g 3% g g & g
N g* LERANEELEEE R IO _
&0 B Tam 6o "
Patient 2:
o] g |
|
| §
200 - § .
) ﬂj 5 |i5 gg o
- FAR RS »
g1 AT I T 3
ol \FJ i \Lh Mﬁm 93,.5.4.9.008 2 EEN R
20 o do 80 100

73



Patient 3:

5 5
q
g .
\1‘1 HﬁE 23 2 ¢ g By 3
oL | SRS &iA W@Wﬁ} 5.3 8 B E= _1_ .
- 20 P 80 [ o 100 m
Patient 4.
z
:
] o
\ﬁé&f 1 g

74



Patient 5:

P

100

g
40

¥
]

800

Patient 6:

100

B e et =

E«:A

wewE

e
- piy nw

o]

wesl]

1

E
|

mALY

M

000

400

200
o

75



Patient 7:

100

may "

aod

B0G

A0G -

00
o

Patient 8:

. R

ki
40 T
3L

n

160

76



Patient 9:

400 —

el <

L RF]

Patient 10:

mAL)

600 -

400

200 -

250

wm

11482




Patient 11:

o~
N 5
480 2
jal
.
200
- . 88
n hgsﬁ‘ﬁg =§F§.7MMM- gr__
1 & o0 o ml
Patient 12:
may
s00-
B0Y
g
H
400 —
200 —
i
§59 z 83 5 8§ ¢
o o 2_ 85 B® A A
00 g0 1ho e

78



Appendix B

Appendix B: Rat model

Group 1(Casein diet and vehicle (control))
Group 2 (Casein diet and cyclosporine)
Group 3 (Normal diet and vehicle (control})

Group 4 {Normal diet and cyclosporine)

79



Group 1

Casein diet and vehicle (control)



Group ‘IW

Day 0
Rat 1

Current Chromatogram(s)

vge's:ejT

eLL L
GeZT6L
Lyl 9L

8

il SO

962746 ( 1

GFE'g

-

=)

z69'¢er

6vvLe ‘ig
GLLVE <

ri0°2e

LA,

"B

0L O OE 7557

= T
Yo LE —;z_._m—:-:.'—’}“4
6¥9°0Z 2

i

=

=
e i |

A G A —

5

DAD1 A, Sig=215,2 Ref=off (HESTER\28JUNC01.D)

F U
|

128 el
195
(11 - —————————
I T T T fi T T T T T T .I T T 1 T
2 S 3 15 g =
Lo [ [Ts] (=] u
o~ 3] o ~

80

T

60

BAD1 B, Sig=280,2 Ref=off (HESTER\28JUNOb1 (5]

E
I
[w]
-2
| O
[<a)
Lo
(]
-
~5
eLege =
6917'83_
£02°0€ % ]
¥ LT ==
zsvezgg
seroz=y | o
BLZG) ﬁgr L

STAS
B 6 T T s s B e e e U S LA L B L LA
- o o o o o
=) =%
< B 8 B 3 ®
e ~ ~ - -




Current Chromatogram(s)

[ DADT A, Sig=215,2 Ref=off (HESTER\2BJUNGGZ.D)
mal 4 & .
1 & - Group 1
2500 ‘ , Day 0
] _ Rat 2
2000 -
T [a42]
4 o™
A S
4 =
1500
B -
118 g
X _.hd.
[2e]
4 ) @ [~
. N o fm_ N
4 m [sr}
500 o -~ -
] \,H_% 3 3 & 2 & P28
1 o & N B -’ b o © @ 9
- Th 8 W I X 5 I
1 : - ! _ e LA, I s S S
O 1 T T Ll ll'll...l
: : —— — _ , e — :

_ :
0 20 40 60 80 100
DAD1 B, Sig=280,2 Raf=off (HESTERZEJUNDDZ.D)

min

mal] o
i o
2500+
2000
1500 — i~
- [20]
A
R o
1000
1 2 8
LD
] @ o=
I % 2% s3 2% b
] bl VN ™
0 _¥ r}{fH/T)L_\))\n P}I\L. .{u\...uﬂn ,\_./_ k! _>




5 J
I L | i 1 L | L AL 1 1 2 1 — v i 1 L 1 |
*)\_J.C__ Ir“, __,Trh qm(,..?er, \O
g LoEs s T
o = 3x ® 85 4 ﬁ
G Q2 = RSN CON <R T
o , o Sl Foos
b £ L
I @ 3
. - 0001
- cost
N N
@ |oooz
@ I
- 005z
A
8 [nww
{0e00NNPETUZLSTH) Ho=o 2'08E=B1s ‘g Lava
T 00F 08 0 oF 0 0
L - - S Glnhaars, T ! 0
TE 5 5 55\ o e
hoaoa ~ o @2 2 [
9O by @ S E arn 9 2 i
% 8 h . w @ ~ b 00§
G2 w L-
w ~ L
£ o | i
3 B
— 000k
[a 4] r
.C._ L
o & L posi
2 % ;
P .
5 [
2L
o - 0002
€18y [
T
0 Aeq . . - 0052
| dnoigy ) - - . % 3
. & rnyw
. . . (O'EOONNIrE2HZ L STH) go=yey g'sLez=61S 'Y Lava L

(8)weibojeWOIY) JUSIIN -



Current Chromatogram{s)

DAD1 A, Sig=215,2 Ref=0off (HESTER28JUNQ04.D) = —
mAU pn
M Mm Group 1
L
4 [e7]
2500 3 Day 0
. [(s)
# Rat 4
2000 - .
H i
1500
T fo]
- P~
- 1y
] = Q
1000 - 2
4 m
~<r
8 &
% 2 8§ 23 3
500 P <o @ © © o
k 0 W - ™ % % M~ o < m g
4] ) e L= I - = ~ Qoo
< 9 fs s & @ N Lo
7 — w o o)
. ] . . ,L_>+7/rll 2 A - _um L.\s:i#ML..ahr_\Hr_[uai N .\Lh\./*...f’F %_
T  a— IAl «. —T T .—.I T T T __ T T T i H T L] T F ,_\ B T
0 20 40 : 60 . 80 100 min}
DADT B, Sig=280,2 Ref=off (HESTER\28JUN004.D) l
:._>GJ._ M.
] o
2500
2000 -
1500 )
]
1000 -
500 — 3 " o m \
b e S o = o = W
1 5 68 =8 » 8
1 o™ . ™ < o]
- A — o | . ]
) o i - — i i - : 5 .. T _ T T K _ N T
i . - ~ I B s . ‘.“mO. S .‘\_.OO;




I _ 501 o8 09

000i

00st

Y
LUV

000z

0052 -

i

]

{0 500NNCe2WSISaH) Ho=Je Z'08z=RIS ‘9 1avQ
[ 00t o8 08 o% 0z 0

— 3 )

a
g

nvw

|
I
T
[
-
r

h ("l]t_ﬂmlﬂﬂl]!ll._!ﬂﬂjlqi} : j ] T d,,o

S 1ey /
0 AeQ : ,_ A\
- | 2

86T 6L
968'9L
VLLLG

8EF'EL
29T V1<

[2V)
N
~
(3]
-—

00s

[ora: rd™

LLT
066

e0g Eg—=

0001}

yel'8e

0051

B8

£084

0002

0L0°ke

0052
| dnoigy |

Ot
e

i
m
g

¥4

nvw

(U oONNrezalSTH) Ho=ysy 2'giz=01g 'v 1avg
(g)weibcijewory) JUSIIND




Current Chromatogram(s)

r DAD1 A, Big=215,2 Kef=0ff (HESTERZBJUND06 D)
mAl S '
? ? Group 1
2500 ‘ Day 0
] - Rat6
) o .
2000 g
1500 -] Fll
1 |
. 7 w
] 802 o
1000 3 X _ ©
| i ™ © 2
J 2 o
1 © g’: Q
500 - prs w0 [Ty SN ool N
J — [ie] -— g
] INE s s |l & 58 2 8 & 5
1 s o g a5 < © I © o oy
- = g 3<% > ~ K ~
o] ] i \’\1'4 W“-‘-*-w"-{::i. (8 S S L r—"\}’\-\h_. , b A o
4 %_‘/—
T T T I T I T T | T T 1 T T T I T T
0 20 49 80 80 100 " min
DAD1 B, Sig=280,2 Ref=off (HESTERZEIJUNGDE D)
mAU 4 &
7 2]
2500
2000 -
7 o]
1500 - =
] +
1000 ]
] - o
f (=] o 5 ‘
] 2 n : -
300 <+ S s 28 _ 3
i 3 3 e 8 o 2
k o= ™~ a ™ o m
. e n -
0 %Mw _‘J_____ 2’4”'@\‘% "
_ 7 T T T T T :7 T T T T T I T T T T - T
. 0 20 - 40 - 60 - - 80 100 o ills




Current Chromatogram(s):

.

DADA A, Sig=215,2 Ref=off (HESTER28JUNOO7 D)

=) =
E E
—
5 o~ : :
O o -
ol o o
0O N0 I I
(o]
ﬁg -S
I I
/
106°26
' i X
| L
[=] =]
G ©
| L
F
I
3
= "
—8 w©
G6i LG
. [
|
:
) &
_3_ g
) .
¥60°LE . g60°LE 1
r o .
g 061 82
=
[=+] . L
[ % POEFE
H 612 s
)
ﬂgg ! 19621 -
& ‘o
[ar4 s ! E 96091 <] i
iz 922}
o~
L (2 L
80’8 ‘g, agv'ed—%
77 .
F ol ee0s—282F] |
~
05 610 = 6La% Se0e ==
T <
a fo)
T L] T T ™ RS M S U B LA T
T T ("'_l—"r'i-r_ar'ﬁl"'-i T T I
= 2 8§ 8 8 g§ ° 2 8 g g °
‘é I < ] <] ) g s ®
o -— o




Current Chromatogram{s)

DAD1 A, Sig=215,2 Ref=off (HESTER\28JUN008.D}

q

malt | 3

—15.808

4.020

8.421

.038

o1

(o]

(=]

[T |
T 7.331

10.954

14.918

\

22.159

N

263

28173

27.079

30.973

32.460

37.766

T —

35.075
2.843
46.537
49.720
57.142
59.419

o

=

T T T

¥ 76.873

Oﬁoc_u 4.

Day 0O
Rat 8

X
}

DAD1 B, Sig=280.2 Ref=off (H

T
20

&
]

0 80

min

2413

4:026

—_

[&)]

o

o
I

1000

500

PR I T WO T VA S S S T

ESTER\285UN008.D)

~21,396
24,024

— 28.175

- [E=-30.974

33.970
36.609

L,,. >

-l
4

3
<

80 .




I agl 08 09
. s | 1 1 1
k- 0002
i
L
" 0ogz
N
) £ Fnwuw
(rsooNNrezsa L SAH) ooy Z'0g2=BIS ‘g 1ava
YT 001 o8 09 ov 0e . g
" . 1 i L | [ : L . L . L L?
. . 0
= %) A IR r "L
b 9 d b~ [ Mr o = ﬁ
=) . e w o
& e ) i o 5
S ¥ g 8 s W 1] 28 "
530N & c Bl e —00g
kS N ~ S [
© & ®
w o . H
s = roo
[y = 000t
] ] 2 L
N N [
& 5 P
b ~ 005
[2%] e L
- (o]
) A [
& i
o2 F
_ - 0002
b
1 1ey _p * F
> ' -
Y X =
L Aeq Q ~ 0052
1 dnoig ¢ [
| g |orva

.E.mooz:_,mw,mm»ﬁmzv Ho=}ay Z'51Z=B1S 'V Lava

(g)uwerbojewoiyd .JULaIIND




Current Chromatogram(s)
DADT A, Sig=215,2 Ref=off (HESTER\28JUNO10.D}

mAU 1 3
1 ﬂ . Group 1
25004 |2 2 Day 1
1 ¥ 2
1 = Rat 2
2000 -
= (L]
F-
] s S
] ¥ - 18
1500 4 1 o
1 o
1 Y]
p 2] L]
[{u] (e
- 0 =]
1000 g
] ° .
] © & N
1 e NI &
500 | o N o
- -] e @ N~ W %
4 < ™ A ~ = <
& « ~ o ~
; 2 NS L g :
0 1 . e i ik
. . T —_ — — —_ r T T T —T T T — — T T T —
0 20 40 60 , 80 400 miny
DADA B, Sig=280,2 Ref=o7f (HESTERGSJUNG10.D) , ,
mAU | 2
l o
~2s00- T
20004 S
“ .
1500 |
1000
) m @ 8 .
] I
5001 S < e T
] _ =
) 0Py 8 a Nel g oe
7 o 3 + o ] - ™~
J ShE T3 35
] = @ X .
0 . gy T{Lf!u J»r,llrﬁ - - .
|_ T T T T T T T - 1 T T - - — — : T , I-|\||Jl|.|1||_| N T _m =
0 20 T 40 60 A 80 - 100 - -



Current Chromatogram (s)

a DADT A, Sig=215,2 Ref=off (HESTERZSJUNGTT.D) -
mAL M 3 : . N )
b Group 1
2500 - o .
it Day 1
. -2
1|1 Rat 3
2000 = & - .
] & 8
. | x.
1500 - 7
1 2
4 =3} T
4 [
] @
- N o5I8
1000 ] .,3,. m ﬂ M w
] < < Y 2
[=1]
o N "
= 2 & & 3
oy r~ o & P
& | . 1 £ : B _jyuﬂll\
T T _ ,|r|F||—|r|r||_||Ia||;’1-‘ -1 ~T _ T T T _“ T T |
: 40 60 80 100 min
DADT B, Sig=280,2 Ref=off (HES T ER28JUNDT 1.0)
mAU ] o
g &
2500 - T
2000
i
1500~
T &
] [
7
1000 &
-4 (2]
ax
4 . m
] o i P
500 = o o © o
[
7 < % = ™
- 1 hrHﬂuu. ﬁ & f+a}
[ ]

(=}
‘I[ .
%
— qi
{ 24,292
E%Z
> 34.138
L,

—

1
-
ﬁ
]

L 0

N
S
o
=3

510} 80 . 100 min




current Chromatogrami(s)

DAD1 A, Sig=215,2 Ref=off (HESTER\28.JUN012.D)

mAL a
L

<

2500

2000

4807

4,985

6.790

~8.458

11.584

13.685

\Lis

16.230

|

\
\

J

W3
¥

22.300

h 8

28.065

31.211

29.842

4.187

37.620

P
0

T

1
20

—

—

80

Group 1
Day 1
Rat 4

]

o

o

o
b
A-O0G—

AT

DAD1 B, Sig=280,2 Ref=off (HESTER28JUNG12.D)

31.263

i

.

min

80 -

100-




i H% 9 mw Aﬁ . m
, T
§ > ] — r 0
w w a % ﬁ = r
=~ - . L= -
o 2 W / > W L -
& S e B N o 24 L
= g ~y -
g8 88 ¥ B 9%
ol |
= Lol
L
; b 005 )
w [
[ ]
% ]
, ﬁooom
o
' h roMyw
{TELONNresILSaH) Jo=tay Z'08z=5S ‘g LavQ
(T ao1 08 09 or 0z 0
' . 4 1 I — 1 |- i N L i 1 PR s
\\kﬂﬂﬁﬂw T e SR [y, 1R 0
8 5 5 8 5 N W i
@ N o N o2 NI !
by A 5 2% o % | "
a ¥ ~ 008
to F
.V- -
= C
- noot
I+ il "
-— m [
s 3 2l
o - DoSL
w L
3 ﬁ
B ’
] .
< - ooz
G ey N
&l
| Aeq 0052
. & L
L dnouo) - Ny i
& 2 Lnva

(T SLONNCE2MTLSTH) Jo=jeY 2'51Lz=BIS 'Y 1avg
(g)weIbojewCeIq) JUSIIND




Current Chromatogram(s)

ﬁ DAD1 A, Sig=215,2 Ref=off (HESTER\28JUNO14.D) -
mAU ] N
1% Group 1
2500 ’ Umu\ 1
] Rat 6
2000
] <
] @
1 o
1500 s pS
14T %
1 p & 2 >
4 . o o @
i © o = <
1 . 3 & 8
500 ; N I B oo
” Rl REE I A ISR e & 5
1 /iﬂ\z/v& N S @ ] p& < = &
i ~ o ™ 0 ~r T3] . [}
04— : ! a : el B _mqﬂﬂf._\
T T _ T ~ F T w T 7 T .|_ T _ T T T _ T T
Q- .20 40 &80 80 . 100 i min
DAD1 B, 8ig=280,2 Ref=off (HESTER\Z8JUNO14.D)
mAU ozw
E o
2500
2000+
i
1 wy
1500 — =
0¥
1000
7 wn o -
1 1o} ~
500 — 2 e o
7 ™ % w N
1 72 ‘o P o
4 ] & <+
] R WL
0 2 : z_l AW : . ,.
IR ¢ .. 20 0 . . . .. 4D L B R 10 [P S T80 . . e T



Ui 00l 08 09 T OF 0z 0
" L 1 | L t 1 1 1 S 1 J — _ 1 it !
© ¢ /\ WS
a3 Bk 8 o 3 2 0ot
S 2w ro o h 5 (=} 2 o L
W P & N @ & -~ 005
5 o R ~ -
1 L
Pl L
2 |
L 0003
¢ [
% 0051
L= L .
- 0002
& - 0052
[ar] r
>~ Frvw
(g1 ONNrsTWALSTH) 4o=49Y Z'082=01S 'g 1Aava
i 00t 08 09 or 0z )
I bt | 1 TV T L | L 1 L ] : 1 — 1 L L r |
l‘!bu\rﬂl.i;.f N f D
m, JIJ)\f.\.\\_ 7 R "y I T 985 i
. o o ko L - -t —] s
R H IS o N b N .0/ ) L
- Ra T R hard o 9 L
& @ N3 o S o &
S 5 N o 008
53] NS % |
© r -
@0 w L
Syl @ 8 — 0001 -
E z gl Lo
[N N L
.Du L
2o & L-00G1
[ 2] i.S I
- B —”
- 0002
LY i
| Aeq eI
- 3 00SZ
> e N
| dnoug S ﬁ
%) [Ts)
[{s]

Myw
{TSLONNPEZYALSTIH) do=pwy Z'61E=D15 'v 1avy \»

- (S)weibojeWoIy) JUSIIND



Current Chromatogram(s)

"DADY A, Sig=215,2 Ref=0H (HESTER\ZBJUNC18.0) . _
mald 1 v

] g 10

1 ¢ = Group 1

- L)
wmoon,_ Day 1

1 | Rat 8
2000 ¥

i w

T o

4 _._\w
4500 - P _ 2

N iyl

=t

J [o R

4 9 @ o

uf o =
1000 -] © s

J =~ =]

\ - ] g o
500 - 2 o d ; R

] e Y oo =] o N . <+ P~

] g & o Il & 5 % 38 i% g

J e o ! g )i 73.. < [ D

] — e I [T o

0 L 4 j\f\. “ v o ) \\J\/_r_ L“fll”.y.l_‘\ o
y T e B E— T — T T — T T 1 T T T — —T T T T
0 20 40 60 80 100 min

DAD1 B, Sig=280,2 Ref=off (HESTER28JUN016.D)

mAU | %
1 ¥
2000
1500
]
1000 -
] =
S
500 - 2 EI
1 © S - 8 0= © o
] 8 M Z T, 2 R
0——+ B k&lcfﬂ -
1 , s 2 . i i . e —— . . . i
L 0 20 . 40 60 . )




] 001l : 08 09 ot 0z
N | . . 0 . ; v . . 2 L . L i -
_Jd I e T Iw\lf‘ Q
©w N %v)@
-~ w © w -
3 B o - o p
° o g8 B 5 2 o
oo =]
48]
~ 0001
- 0051
L
0002
) ‘00S¢e
P
B Nyw
. (Q'Z1ONNP8TTLSTH) Ho=ley Z'0ge=0Ig 'g 1avg
e 0oL 0g co 0}4 02 0
. . , . L . A _ | . \ . ! L R | . . ,
|—‘
ot H L : S . —0
S~ = T 3 e N Y
[1s} o =t} [ N O ; - -
w o3 b m ~ b N o B
o o 5] <] oo @w B
E o b 3 A1 8 o N 3
. I+ N & ~ 009
3 B 3 :
. © a ~
[<a] - o8] o
> i L
i s
1 . 5 W000v
® & it
- <& L
[as]
« I
‘vloom_. ‘
) " 000z
I 1By i
¢ AeQ i & ﬂoomm
2 =
| dnoig g 2t
2L aww

(T LLGNNrez3183H) Hosiey 2'51.2=6is ‘v +ava
(8)werbojrwolyy UIIIND




Current Chromatogramis)
DbU‘_ A, .Sig=2152 Ref=off (HESTERWZ8JUNG18.0}

1
mAU ~ .
# Mﬁ” : Group 1
2500 — .
] Day 3
] @ Rat 2
2000 — m N
] 3 © @
] 2 ©
] [:5} ~
1500 N
7 [3+]
J )
<t
1 =
1000 -] H_
] . °g
1 = I < g
1 5 s &80 ©
4 —_6 o 7..
500 <+ 1 o -
H 5 g L 87 88 3 .
) : ) 1 i f.z}..lll;T."Ml.LbPJ\r\ e " lkf:i»lﬁ.“llldhﬂj\.
_ —— _ _ _ _ _ \ . — _ . . ‘ _ _ _ . _
0 20 40 60 80 100 miny
DAD1 B, Sig=280 2 Ref=off (HES TERWEJUNGT8.D)

maU b
4 o}
1 -
2500
2000 -
T o
15004 I3
- jm
1000 m
] - =
] 10 ©Q ]
500 <, =+ - N o
T Ty 8§ Alxel )% %
TME hE o2 Pwdes E f
A e AUET | @o . o ~
e | j ,.u. " T T R T T — T —— e T S = T — Y
: 0 20 L e AQe - .




TI] ooF 08 09 or 02 0
: | ) ; " . . s
—_— [
églJb/? ey 0
(1% L5
(=) w N
BB 8 N ﬁ :
g R & - 00G
w - I L
I
= s F
o.u -
R L
[45]
5 000}
= T
- 00g
— 0002
_ 0067
B L
fun |
& | Nvw
(rsLoNnrgzwILSaH) yo=fed Z'ogz=6ig ‘g 1avq ’
] 0oL 08 69 ov 0z )
a 1 —t 1 " : i L ) . \‘r
j#l{li[lﬂﬂ’\]}{pﬂj’\l’g =+ T T 0
I
< T O TEIEN |
8 ) £ 8 w L > oo
~J % P (%) o Hrr & -
3 - 005
] -
i N o
b G
w [
murv —_ ) .
5 - 0001
.T 2 8| |
Q L
N3 [
tn o I
¢ B - 005}
0002
€ ey >
A 8 ,
e ] :
¢ ARd & 0052
i dnoio 4
& 3<E

(T'slONNrezwILSTH) do=jed 2'612=015 'V |ava

{s)weIbojewoIy) JIUSIIND




Current Chromatogram{s)

|

DAD1 A, Sig=215,2 Ref=off (HESTER\28JUN020.D)

may ] I
[e3]
1 & 3 Group 1
2500 © Day 3
1 4 Rat 4
2000~ |18
4 &* -
1600 N
[Ye]
4 [1e)
] ®
7 n
1000 o
1 [l 28y
4 ] 2 N 5w
A =+ m.m o W
i hied (o]
= ™~
506 o " - 2
- ol 2 2 1> J 5 8 © 2 o
A Is} <& < P (T2 ~ (o]
4 -~ — o o 7o) I~ 3]
: A i L | L (o alhersar b T o] '
O .,A N ™ =t F[l[]«ﬂﬂlJ.\lf
i _ T T T _ T — | -1 |_| T —T A E— — T T _ |— — 1
0 . 20 40 80 80 100 mi
DAD1 B, Sig=280,2 Ref=0ff (FESTER2EJUNOZ0.D)
mAU -
] b
fas)
1 ¥
20004 9
ST
4 o0
1500 . )
1000 -
A (]
1Ty
] 2
I
DS
e - - e — _ : -
40 60 80 -




i

08

T

FAY
¥

e¥s

89°0L gj
588G

290’

=
= ]

Fal Tl o
JFUY

(@1 ZONNrEZNTLISTH) Yo=jod Z'0gz=518 'd 1avad

09 ’ 434 omN

G 1eyd
g keq
| dnotg

i

vL¥LG
6L9°9¥
e
]
VEE~
eezsz;% L

28008
FaANAA

85+°2E
G0E8E

LOK LE

ebl'ot

1569

¥

[eP AL L

UYLy

S
D
B

—_

00g

cook

00S1

'-_'l""l"_"!‘i"'

000c

00sz

I L L R B

Nyt

e} rNOZDﬁmNEm._.wm_IU Ho=sy & m_‘Nlm_m Y Lava

(s)werbciewoIy) JUDIIND




Current Chromatogram(s)

&

mAU |

2500 -

DAD1 A, Sig=215,2 Ref=off (HESTER\28JUN022.D)

<
o
[=+]

4033

[=}]
@

<+
, =
<

o

%)

=

|
X .
]

—————=16.110

28.278

31.073

512.720

92.987

g

60 80

mAL

2500

2000

v Lo v b e byl

DAD1 B, Sig=280,2 Ref=off (HESTER\28JUNG22.D)

37

34
4338

Q76

8.601

28.278
-31.077

-
[Te)
<
<+
o«

min

80 - . gD




r - i E
— £ E
o
3 :l ™~ ]

S T w
0 0O @
!
o [
-8 <
L1626
|
-8 3
2 @Q
Lo -3
o [{=]
GQQ'LQS_
Y L
L
g <+
GG5°9L

=) o

P FolS

P O

S =

z 5

=3 b )

g 8

B i

x m]

= I

] F&i

I L

= . 3

E rrl g} —= - Jcl)

o fia

~ (8]

& f=3

ts L [+5]

o o

3 i)

o o

2 )

o L s £50°

T BT = B8 :

S e 5 160°E

& L8 '
ﬁ\ij—rrnurnr.nln.r.',-ﬁ-:||'.wrr. o T lv—v:—l—r—rv—r—l—’_r“l*‘l—r1|l—ll
3 02 o Q- Q ] S 2 2 3 3 =
28 38 8 8 8 28 & 8 &

s S o = E « N - -~

Current Chromatogram(s)




Current Chromatogram(s)

DADT A, Sig=215,2 Ref=off (HESTERZ8JUN024.D) =
4 % .
mAU 7] 2 Group 1
] , ‘Day 3
2500 - o - y
1 1S 3 Rat8
] ¥ © N
4 N
2000 , o
] W
7 o
4 o
, 2
1500 - !
i o ~
) 5 o
j o - ]
1000~ g _ £
1 NS & o
] N
1 ® o =<
500 ﬁ N S Rle g . ~ o
i e 9 S 8 3 A ] 3 2
J ) &5 o / / [%s] o 1] :J H
] y Px © I ~ g
0 VAR 3 e ol e I - NP L
-
0 20 40 60 80 100 min
DAD1 B, Big=280.2 Ref=of (HES TERWAJUN0Z4.D)
mAU «
13
o A
1 [y}
] e
2500 — 4
2000 -
1500
1000
] = ™~
- o ] B
4 o~ © o~
500 Ny T el
1 s
4 o~
p __ﬂ;
0 o
e : = : . —r . y v ~ - — =
L 0 - B0+ 80 - ...400




Current obﬂoamdomHm.E (=)

DAD1T A, Sig=215,2 Ref=off (HESTERIZ8JUN025.D)

mAU 2 -
& & . Group 1
A 3 @ -
w
N Day 5
2500+ |l _.J
w Rat 1
[o)]
~r
~
2000 @ N
2
q S
]
1500 .
1 8 o
1 . - ] ﬂ ~
= o™ -
1000 - 5 o o _
- S K N
1 o
500 - ©
1 & % & 2 & Ite)
4 @D ™ ! o o N o
# L, G2l LM..,L B s g2 N
=
. (o]
03— | P e T e — - —
TJ T N T T T T H T T T _ T 1—‘ — —r L )
0 20 4% 60 80 100 - rain
~ DADTE, Sig=280,2 Ref=oft (HES IER\28JUNOZ5.D).
mAU ”*
=t
u [P
@
2500 b
2000 -
1500
d
‘_ooo.u* o
BIE X
1 e N
[=s]
500 I_ ) m % ©
o 2 =~
: r
(3]
VA R .
T — T i ¥ — N — ﬁ _. T T .
' 40 60 80 100 min




Current

Chromategram(s)

DADA A, Sig=215,2 Ref=off (HESTER\Z8JUNG2E.0D}

]
mal™] &
m Group 1
7 ~
2500~ fi2 _ Day 5
i 2 Rat 2
| ©
2000 o
1 =
J <
1 -
1500 ] ©
N @ #
j , -
T ole 3 g
— ol
1000 o o = SIS
1 = @
ERIE g
500 — : S o A ~
4 o d M~ M~ o
\ s 3 N ¢ 3 B g 8 g
] ,? < WL S 2 os 5@ o 2
0 1. ! fw._ = _14U.anfl, Rk, S Ltoone \mﬂyj.\
T T T T T T T T —T =T T T T ¥ ; T T — T T T
0 20 40 80 80 100 e -
DADA B, Sig=280,2 Ref=off (HESTER2EJUN028.0)
mAU ._ 1B
4 &
2500
2000 -1
1500 -
1000 -
- o
4 N
] )
500 | b
] <
] # o
S S - —
k ; . T T T T T T T o ~ T T
_’ .. 0 o mo ; S R T 1o




08

0
. ! . —— ] . : \\&IPIF&IFIJ&LIii!FIIIlFIMMHW
- 005
00
r DOO:
- 00SH
I
m 0002
. — 0052
.nm I
¢
@b | ‘
3 nvw
. {g2Z0NNrezwg1SaH) He=tay Z'0ge=bI5 g 1ava
TIE 0ot o8 09 o 0z 0
L ) | 1 _ N L | L } i 1 . I i —_ | L i 1
l\..lﬁ”ﬁl!l ! | . L il
g R S AR T T e
= 4 N & w = J -
=] [N P L
3 m 2 - m allMi ® i
@ o ~ L 00S
N2 : 4 L
w -
«
L ocot
ow )] r
~ N H I~ -
& [
& @ - 00S )
t- 0002
€ ey K A
G Aeq @k |-ocsz
> )
dnoun P £ L
’ = g | nvw

(T LZONNPSZWYILSTH) Ho=isy Z'elz=hIs ‘v Lavg

(sywezBolrworyy jusxan)



Group 1
Day 5
Rat 4

L16'T6]

Zop L6

215,2 Ref=off (HESTER\2BJUNC28.D)

mi

100

80

20

8D .

£

68E°8)
g

€9} Fm

CADA &, 8ig

DAD1 B, Sig=280,2 Ref=off (HESTER\28JUND28.D}

Current Chromatogram(s)

0g'L 1
. ||\I|11fl|||l1|\|“ .
9898 - 209 9=
G68 9—cies -
0§ 150" g——— T
65 ==
— —
T T _ 1 ™T _ T T T .; T T T T U O T il —‘—D T T WI-I;O T T ¥ T ko T T T 1 ‘0 T LI T By T
(&)
g 8 5 £ & 8 g B




DAD1 A, Sig=215,2 Ref=off (HESTER\Z8JUNQO29.D)

Current Chromatogram(s)

z
- £
S © o |
o] e S
s 40} a0
O 0O L
[ar)]
-2
616726
=)
o'
| &
[{a)
98T LS
I
L25°9F
!
=3 -
< ‘
1pRL8 b Le
eogsed] |
seEEES & 568 zE ==
D ——— | ’
LEVIE e | 9 9gcoe = |
064°82 = | z 261 9% — T
b —
860722 5 _
. | )
sgv'gzL = } % 1912
t) ’__r—-—"m— .
veeee T ey = IpLiga ]
: gshiee | ol ]
__”_f,/} e |
L
‘ < o
: 0'9
] —— i 109} i
13 + 5
16821 <] - 7 L
osa'sé L2 £5G°0}
8655 ' o s BES'S
0lE Z o i
zz20% V0 a 528 2 ﬁ;ﬂ
Ge0:8 1 g e
.-i—lnl'i||-}|||r’.-||.Qo‘rn|1—-|—||rrl||1|;||||i1—|||]||t1
ST T e e e e 2 08 g8 8 §8 8 °
i g § & 8 v i § & B & @

|

100

80

60

40

20




Current Chromatogram(s)

a mAU

-

m

=]

(=
1

1000

J SRR SR I S T

500

DAD1

[ar]
[a:]

]

A5

4053

A, Sig=215,2 Ref=off (HESTER\28JUNQ30.D)

16.190

31.178

36563
28.352

5.082
22.411
2.533

30.166

33.525

37.893

42.941

Group 1
Day 5
Rat 6

T
20
B, Sig=280,2 Ref=off (HESTER\28JUNC30.D})

mALl

2500

DADH

4-N&T
FTOOY

082

31.176

B53

5.889 -

oA

- -{ B0




i 00} 08 09 . ov 0z 0
1 ! 1 I [ ! L L L | ; i : 1 L L 1 % . L !
0.
ra L
o
o .8 - 008
3 = b -
w o ] H
& L
— 0001
A
- 0051
L
- 0002
0057
T [
5 I nvw
(O L EONNIBZWFLSIH) Ho=(oX Z'0gz=0IS 'g 1ava
ML 601 08 09 0¥ 0z 0
| L | L [ s | L 1 P —1 L - 1 . L
||\.Flﬁl| J b..ﬁnﬂe.lnpl\iﬂ”[ = - i 0
T T T T & 3
T g TR R i
«© o in i et & L I r
3 5 = 2 9 9 o @ | oo
& o} ~ o ] = [N r
= o o @5 / - — 00S
& k w -
i R 2 g
(4]
B S - 000k
MW . 7] L
@ L
& - 005}
e .
& J I
! g ;
N ¥ - 0002
5 | ;
1 Jed = C
o &
[o)] (=] r
G Ae( s ol L oosz
| dnoig . . £
8 | nvw
(@' LEONNrezaLSaH) Yo=ioy 2'51z=BIS 'V Lavg p

(g)weabojewoIy) AUSIIND



Current Chromatogram(s)

o

DADT A, Sig=215.2 Ref=off (HESTERZ8JUNO3Z.D)_

3>C1. 3
12 Group 1
2500 -] o Day 5
] o
MOOOM $ o
J <
4 3
1500
J ~t
(=]
7 Q
] o -
1000 - &
b (=S o
i w M o o
] 2 } 3 o
1 - . o
500 Ille 280318 281 2 o = o .
- © g 82 NNy © o < R A
7 e - - 2J{ fi 8 b g [T 2
1 et Ny A B £
T T Ll _ T T T “ T _ L u||||_\ _ L T .
0 20 40 60 80 100 min
DAD1 8, 5ig=280,2 Ref=off (HESTERWSJUNO32.0) _
mAU 7] m.
1
2500
1 n
T T3]
i @
J -
2000
1500 -
1000 -
o
1 [1p] M —
- % % nm/_ m Ly
500 0 oy & of 3
T 2 8 €38 184 3
. . ; el ©
1ol T F s _9.,3 N
i k /_7 — N o~ E)
i LP| .JJM.(P 5
40 . ... lB0 8O- . <100 ~ i




Group 2

Casein and cyclosporine






Current Chromatogram(s)
DAD1 A, Sig=215,2 Ref=off (HESTER\28JUNQ33.D}).

ozl o
o 3 Group 2 |
I& © .
o . Rat 1
2000 m
1500 -]
]
] o ©
1000 _ 2 28
1 & o T8 =
- -uh.u. M 2 ﬂD.
3 o
500 NI 3 | ©
A ¥ w
- 58 le 2 Se%gy B¢ 8 * 8 "
] = s NEREEEREE w £ R o
ol &[T Ml P W M Wty S S 0 I e P~ Y - )
_| T — L — _ T |2 S _ T T T 7 i T T # I T |_| T T .
0 20 40 " 60 80 100 min)
DADT B, Sig=280.2 Re{=off (HESTERZBJUND33.0) . .
mAU 1 @
2500~ ¢
2000
1500
1
10004 &
] 8
i (] =t
500~ e @ = 2
; nhe ® @ % o B
] N8 T & ¢ @
1 ~ilo @ > f I
_&YT.MV«

B.A
IS
=)

50 80 _ 10 min




Current Chrom togram(s)

r DADT A, Sig=215 2 Ref=off (HESTER28JUNO34 D) T
mAU A w Group 2
- u .
N%OL. m Day 0
] 2 _ Rat 2
2000
1 [ and
4 M.W -
- & nnw_u _.m
4 © o o
1500 - g S
i T
1600
. m 8
) } @ -
] 5 u 2
E 71 nﬂaw P~
500 , i
A r~ e w0 % : P 2 o o 5 = -
A ™ in o M~ o ] o > @
o 5 P ; © P @ &
E - NI 82 Q9 ) ~ o
0 I ” : A o L \lluff’llrgyf\
T J T T T w 1 T T |._| T T T q i T T __ T T .
] 20 : 40 .80 80 100 min
DAD1 B, 5ig=280.2 Ref=off (RESTER\2BJUNDE4.0) .
mAU
i
1600 I
1400
1200
1 =t
- (8]
] T
1000 P
800 ]
] . ~
600 - fe m
b - B o
400 - ? ™ ~
J [+:] WO (=)
] w8 T~ N 2
i [s2) ] o™ o o
200 - Qe & L g o T F :
] H ' M e - 2
1 S |G A
- 04 -1 - ry\sf. = g
o _ , : T T L L L. T I ST
-0 60 - . -80 - ; ._OO. . T




Current Chromatogram(s)

DADT A, Sig=215,2 Ref=off (HESTERZEIUNGZE D)
P~ o
mAU 1 g 8 - , Group 2
- N [{e)
2500 ,m Day 0
: | | Rat 3
mooow g R
1T 8 38
[+n] -—
- (1]
1500 -1 9
- [=2]
. <
1 2
1000 3 ol o
§ - o Sl o
iy © g
500+ : @ 2 /6, ™ ‘
1 = R % z - o m & ]
E o o < © - B =
d - = Pl ™ mw. [Te) I 2 o
0 1. g LLF ] _‘ SN0 S NSV NS . - S s j
T T T T— T T T T T T T T T —T= L T T T T T T T -
0 20 : 40 60 80 100 miny
DADT B, 5ig=280,2 Ref=0if (HES TEREJUNDS5.0)
mAU ]
2800+ K
1 @
2000
1500
1000~
) © ©
) g &
i T, © &
500 & g a2 2 o
1 o @ 8 Zn @
1 N % ~ ﬁ T e 8
| b o)
i kg 1
0 _ - _ A
7 T T N T T T T I T T T T T — T — T T T L




Current

Chromatogram(s)

DADA A, Sig=215,2 Ref=off (HESTER\28JUNO3E D) 7
AU 2
m w = 2 Group 2
2500 %. e Day 0
b w
TF Rat 4
2000 |
1l N
- [#5]
j %
. 1 [:
1500 — M ,
i S
%]
] 3 3
o™
._ODOM - o o
4 % © M w
I [k Bl 83 g )
) N A & ©
500+ " 5
007 TE g S ® o %o 2 o 2 o ©
. o 3 2o g 93 N = Q ™~ o
] ‘ o N ! ; o N s W & mw © ? M
— ] <+ :
onL & é L b éfﬂ“ﬂﬁ?&f?ﬁg e IEE e _olgllJ.J.\f
T T _\Il_lr T T T J\ T JII||_ T T _ _ T T
0 20 40 50 80 100 min
DADT B, Sig=280,2 Rel=o (H=STER28JUNG36.0) .
mAL - o
. 3 .
2500 - ¥
|
2000
]
1500
1000
i p
] <+ ,
3
b A o
T ] —
500 - S L5 3 ¥§=. .
5 Ty 2 oo o - =
L @m_ 5 22 = 8 =83 ¢
: T =) = o o0
1 : f, ANE NS b



Current Chromatogram(s)
DAD1 A, Sig=215,2 Ref=off (HESTER\28JUND37.D}
mAUT] ] .

R : . : o Group 2
] ﬂ , : . Day 0
Rat b

1

8,522

1
— A DA

08z

iy

o

(=) L=]

IR |
[ 1385

- 32.568

200
37.787

:

5
40.696

F42.925
49.045

%46.688

T'JJ T T - T T
0 . 20 40 : 60 80
DAD1 B, Sig=280,2 Ref=off (HESTER\28JUN037.0)

1

100 miry

!
4044
O

2000

| T S R TV U0 S |
o497
o TaT

1500

500

P RV VOUN-SOU TR SO S

|
1
1

60 80 100 min




Current GWHOSm.nomHmB (8)

j DADT A, S5ig=215,2 Ref=off (HESTER28JUNO38.D) B
mAL & Group 2
2500 Day O
] . Rat 6
e (123 .
E % .
2000 Il ©
e~
AR I
- w- 5
1 [- o}
1500
1000 - B
i M M
18 8 87 =
, o2 < b8 3
| s00-| |7 # R ©
| =8 8 g e a5 o 3o 3 g
J S oG 15 s o [ © )
- ™ o p o] o i~ &
1 , \fv._j?r . 3 I i, S f{l.l =
_W T T — T — T ¥ —T . T T T — T L I B
0 20 40 60 80 100 min
DADT B, Sig=280,2 Ref=off (HES 1 ERw2BJUND38,0)
mAU -
D
2000 ¥
. 1750
| :
1500
| M
| 12504 o
: ] ¥
i ©
88@
750
1 g :
500 E 3
250 _ o3 S s 2
1 L~ ] :
L . i — , - .
T " A i T x — 1 : ] T ; : I JII{I

0 L gy - _wo e - ._oo,..r‘ o




i

00}

09

o

[44a2
I
o
o
el
&

LeHE

(gr6e0NNrezydaLS5H) Jo=Ioy 2'082=0IS ‘g 1ava

001

09

6z 0

L1ed
0 Aed
Z dnoio

91565
EFRAFAS

=}

00g

GPeEL

250°S

0004

oost

BLOF

gor'e

C00e

||14l||||||||:|1'|1|i:

- 00sz

E L

= o nvw

L0091

{Q'BEONNFEZ\MILSTH) Bo=jed 2'612=6IS 'V | ava

(g)wexbojzrwoary,y 3usxIN)




Current Chromatogram(s)
DADT A, Sig=215,2 Ref=off (HESTERWZ8JUN040.D)

mAU 8 Group 2
-1 ~f
2500 o Day 0
4 [{a]
1 7 Rat 8
2000
1 o
] muo ~
1500 P
A (3]
i M~
[
8 =
1000 0
o b o (o]
9 w Nm M o
i A 2 [*}]
500 ~ L _ ©
i ﬂ o < N mao. m ~ 0
1 F N g K N o« 2
- PRIV S S £ 8
0 : J %x?t%:lrﬁu(fu i . . : erUlJJ//\|
 — T T T T T, T T T T T T s T —T T T T T | —
0 20 40 60 80 100 min
DADT B, Sig=280,2 Ref=off (HESTERZBJUND40.D)
mAU 4 .
2000 m
1500
SQL
] o
500 i
- ©Q
‘A -}
0-{- _ — —
. —T — T T B ‘u.‘_. N AT L [,\ .....lq T .4|r|L|||‘ T N _J
- S A =g 100




]

(64

o

o™
=]

.|

F
L

jIm

L85l
713
s01°L

?_
i

£80'eET <,
L9868

0cr'se

00s

690"

ooal

L s B T S L N A A

—.00SZ

-
D
b

& _“:<E

B

| o
@

(T L PONNrERT LSTH) Jo=loy Z'082=0Ig ‘g 1avQ
. 0z 0
! .

L 1By
| Aeq
Z dnoug

8

8L’k

L._IJ. L ;
ha
[{n]
[+
3

Zel’el

864°GL

614785
69195

G¥9 9t |

L 1 1

A

e : =1~ 0

(- 005

86191

00se

LI B B S B T

& yw
(1 rONNrezda1ISaH) yo=ied z'sLz=0Is ¥ ravg

(8)wezbojewory)y JuU2IIND




Current Chromatogram/(s)

[ DAD1 A, Sig=215,2 Ref=cff (HESTER\28JUN0O42.D)

mAU b=
1 2 Group 2
Qo
2500
I Day 1
1 3
10T Rat 2
2000 -1
aoi m
4 o
- [{a) =
g M~
Q
1000 — o
! ;
] &
500 ]
g =2 R > =)
] R ?0. 5
] o o o
] il 5
0 L ¥ = — L " T I_ﬁl..y.ﬂ\
[ — T T T T T T T T — T T T — T ] — T — —
0 20 40 50 80" bo - mi
DAD1 B, Sig=280,2 Ref=off (MES TERI28JUNO4Z.0)
mAU | .
4 4
2500 mw
1
2000
1500 -
7 (3]
1 3
1000 -
1 ~
[ee]
i 2 o
N o 2
500 - . g _
L % ©w ﬂ m ;nlu ﬂ i
p .3 =+ ; N
3N m~ © .4 o
- @ w0 NE ™ -
4 [ r~ z7 ~ ) ) i
0 e s .
A — e : _ -— e ——t _ _ - S — —
0 160 , 80 100 “Fhir




current Chromatogramd(s) ,

U}U._,".)wm‘m@wwg.m 12’ Ref=off (HESTER\28JUNO43.0D)
mAU ;._ e
3 T

2500

2000 —

A
—16.570

1500

3087
8725

TESVINE W B BB |

2.437

056

11.702

A

[an]
L1
—=
-_1

36.825

46.668
48.959

}57264

T T T T — T

79.006

5.335
81.121

Group 2
Day 1
Rat3

-

I

160 min

DAD1 B, Sig=280,2 Ref=cff (HESTER\28JUN{D43.D)

mal { B :
8
[y2]

2000

1500

4 DA
Uy

1000 —

30.154
32434

36.813

J;—fr
_;?1*25.372

Q 20

60

80




Current Chromatogram(s)

7 DAD1 A, Sig=215,2 Ref=off (HES T ERZEJUNG44.D)
mAU ] 8 ’
12 : Group 2
2500 Day 1
i Rat 4
2000 - 3 ,
1 ¥
1500 - © i
{ >
4t ~
4 b m..
N o
ol
1000 - < - e
h 3 [=3"s)
] s a @
] - -
500 2 ~ 1 | ~ @
1 R, 2 S - & 2 & © 3 3 %S +
© N L B =3 - o N o o 0
1 o 2 g & B e | h ® ©w ¥ od
O .. — J\‘
T —T T _ T T T lﬂ T T T - J|||..II'|I‘|_.| T |_| il T J_I T T -
0 20 40 60 80 100 min
DADT B, 5ig=280,2 Ref=aff (HES 1 ER\2BJUND44.5)
mAU 4 o
o
J g
4 i
2000
1500 -
H 2
10004
d
J o o
500 o z
a4 o
] g N o
4 M = M
L2 ]
- M~
oL L1 h ‘_ | .
T T T _ T T T u i T T H T T _ T T T _ T T ES
0 20 40 60 80 100



I 00 o8 09 o 0 1
] 7 -— ‘, O
A0 i
co L B co L
o Pw = /
e anh N r
i3} % = ] b
S > — 00§
o ~ -
m. L
N {
— 001
o] H
&
o |
=~ |-oog)
0002
L nogz
# f
fas) e
a )L
_ (0 sroNNrgzwiaLsaH) so=gey ¥ 082=6I ‘5 L ovd
X[l ~ 00k 08 05 : oF D oz )
\ : { L L 1 L L I L I 4 s 1 1 . L
Lo
. T T Y I T I L
Y 2% 55 B¢ NATA TR :
g r Sy o Lk 2 R :
[=} o [~} <) 3 © ~ L
N & R ©e : S8 WS & & F- 008
3 ) !
5 A
.R ’ = L
@ N 0005
@ M wuu 3
= r
! 2 B
S > 3 L 0og
ha -~ e
o] N
[Ta] ] -
L 000z
Giey’ Mot
| Aeq- & & - 005z
Z dnolo - : ‘ _ . 3 ﬁ nyw
Q@ eyONNrezaYa.LS3H) po=dy Z'sLz=0is 'v 1avd

(s)wezbojewoIyl JIUITIND




Current Chromatogram(s)
DAD1 A, Sig=215,2 Ref=off (HESTER\26JUNO46.0)
mal ] B ‘
18 Group 2
7 [+
2500 Day 1
| 2]
J [Te)
1 (¢ Rat 6
2000
1500 =4
2 ~
© %
1 @ — o
p 5 - @
1000 7] m ) N
h 2 o
] 2 9
] =]
500 2 _ i
] = 3 2 e~ g o
i M~ ~= N M 2 T~
i 1 r/—? : _ \\l_—rl~ I.(_\!i et
0 ] ¥ ; S
" u T T T — T j T — T T :
a 20 40 60 80 100 min
DAD1 B, Sig=280,2 Ref=off (HESTER\28JUN046.D) .
mAU | <
1 &
2500 &
2000
]
]
1500 -
. j
&
y <
100G -
N i
s =
(=) H
500 P b= o 2 -
T 2t 0 ﬂ M ]
N 8w @ / (5] M..
1 %T. W, = E{Léﬁf&%
0 1 o = )J?.lt.&l_t}h ! , : So— .
| — ‘ T PP R e s Y i
-0 20 - ; T

B¢




MR

08

09

T

EQZ'SLJ
T

684
=
T

[~

0

™

098’

Ll

B60°¢

VLB

(0 2FoNNreZI LIS aH) do=1Y Z'oge=his ‘g Lava

o_N 0

112y
| Aeg
Z dnoig

B6EL'6¥

s L

. L \ |

LZ0FY

)

24821
1910

g8¢°4

e

¥LE6) 5

+28'82 y
989 92 2]
GLZ'62
20

6ezl'LL

EVBTE
zel

Go8-

04—

(O ZFONNCEAYTISHHI H0=y8y 2'51Z=BIS v

co
V]

W L 00sz

FNyw

(s)wexbojewoIlyl JUSIANY

Lavd




Current Chromatogram(s)

ﬁ DAD] A, Sig=215,2 Ref=off (HES TERZBJUNOZE D) .
mAU 0
A Aﬂ Group 2
|
2500 Day 1
] : Rat 8
2000
] _
1500 4 w_ ¢
) s
4 =~ o
~ &
g = ~
1000 & 3 -
i M
[
o 3
° © 2 & i
=3 @ S T g @ © 0 -~ @
28l glises 28 2 5 < 23 8
— 1% o ™ o o o o
A1 gl ) _x‘\/ L DA e - SR 2
T ol T ~| —T K
0 20 40 - 50 < 8p - 100 min
DADT B, Sig=280,2 Ref=off (HESTER2EJUND4A8.D)
mAl ._
i [12]
J @®
2500
2000 —
]
1500
1000 |
] I
] = s
] <
500 S 5 ;
- ~
-1 P .
o .
. ﬁ S . A A T
- 0 Thgnl R 80 100



S 00l : 08 co ar #4

0
2 i | ' ) 1 | L L 1 | " t I | I : 1 L
.J]\I«?jl\l\/llvn_li\*ﬂ{i _ 0
L Y \ :
o o © @ .
M O N @ @
°R &3 S = -
& a — 0%
o
8 -000b
L 0051

_ F v
{'BYONNTeZILSIH) Ho=193 Z'082=5IS '8 1aYQ
¥ 0oL 08 09 . oF 0z 0
Lj?{ _l).l\*./\\_ . . _ ¢ L i 0
3 e & V' o S @ e - v % [
[1e] BN o 2 -~ P n =2} © - , -
2 9 oo 3 8 & 2 e 0 & W ol | ™ i
s g N @ RN IR AV g gl - 008
o . @ i[ © 9
o 5 N w - r
o o o -~ -
& o . > P .
a2 i L
] = t- 0004
~ ce B
3 = i
- 005 |
w1 T
" [en] B
&l T
! m,oooN
} Jed :
¢ Keq - 005z
O -
Z dnougy 3 Frvw

(TerONNreZ3LSIH) go=poy Z's1z=015 'v Lavq
(8)WeIBOJBWOIYD JURIIAND




(T 0SONMrge\MaLSTIH) Ho=Joy 2'082=0IS ‘g 1 ava

s a2 8 B 3
@ o T
[~ [
o 8 8 8 o [} [
o X [N TN T YN SO SR SNON VAN DU TN TN SUT T IO B ' N I DT I
r i =3.850
asm— —4-058
b .ﬁ,_::-’-——_&.mz

{Z;O/J
| 16.473

————
18,405
B...
1.293
: 23.614
g | 5 26.675
i = 28,346
28.345
A SN ; gﬁiﬂii 30.171
1, .Eﬁm Fe=—=——"32568
34389 ) 34.381
4 E-36.680 36.707
| o . %3&.593
8- o1 1
[42.944
] {
};4‘ | F49.105
-l o 3
. 57.381
& o
18 S
:
¥
—79.022
(o0 JON |
e %1.164
: Aé84.980
92,971
S|
A O ©
o 4V} =3
o ~+ « O
| v o5
[N
2
35 5

BIs 'v LAy C

{0 0SONNIrE2HILSIH) 4o=1ou 2'61 T

(8) wexbojewoIy) JusIInD




S 0oL 08 09 ow o_N Lo
' X | S| | . : L 1 L .
A v — 0
w© > N ) [
B S ﬁ T o
> i g S 8 Wi
©c - ] [
o s 005
5 3l 0
N LN
@ - 00L
0051
- 0002
K. f
& L
(<]
- I Nyw
{a'LSONNIr8TEZLSIH) Ho=lod z'082=R1S g Lava
ik 00l o_m o_m. o_v DW ’ 0
. . t . . .~ _ : . _
: M , * 10
=Y g 5 r BB m ]
Lo B L2 L @ A r
a a 8a d = & i
. @ b @ + oos
0 ] ] © I i
| N o 2 |
@ = 4] L
1 o < o L
2 - 0001
o L
~00G1L
- Al ooz
€1y ) i
o o
¢ Aeq i
- 0052
Z dnoio - pvw

(@ 1gonnrezaw31s3H) go=iay 2'5L2=61s v 1ava

(s)wrIbOoIRWOIYD JUSIITD




Current Chromatogram(s)
DALY A, Sig=215,2 Ref=off (RESTER\28JUN052.D}

1 o]
mav {2 Group 2
25004 4 Day 3
o
B nw .
110 Rat 4
2000 |
1
1500 =
q w
A 3 5
= [{s]
@ <
1000 = 3
1 o @
E =}
500 gl o o
] = g w
1 Jl. i
] s T e
of—s i1 5
N T T _ T T J}I\IJIJI..I'—I\JIII—'\IJ]_II\ T T =1 i n—l h T T _ — T
0 20 40 80 80 160 min
DAD1 B, Sig=280.2 Refrolf (HES TER\BJUND52.0) .

mAU M =
2500. %

~
2000 -
1500 -
1 w
- —.Jw
1 ¥
10004 T
] ~
o«
1 1ls s
7 =t
soo ||| w 8 T 5
! s = 9
u I
F o oy
o 1 . . T - T T T T T LI T T T
L ? - 80. 80 . . .- 100



fifc 0oL 08 09 0¥ 0¢ 0
1 L 1 L 1 L n A 1 t : : r 1 1 1 1 ! |
- T 1 ! O
4374 AV A Vi ]
I ] iy
w R o« | = c I
oy o P [£o3 =3 L
omn 29 @ o L
F=J - XY ® & =
o 3 8 © = — 00%
5 =2 [
b3 i
= 000t
- 0061
_ﬂooom
EN i
T 0052
= Myw
(Q'ESONNrETWNILSIH) Ho=4oY Z'pgz=RIg ‘g LavqQ )
09 0¥ 0z 0
B . . L. AR
e - S i _ NG
58 S IR P Na L
~m [$] ™ B Q| ™
b L - 00G
= o o L
ha - o -
w IS L
o]
] i
il — 000}
[78] — -
=] > A
WUL % .nu i
@ ~ 3 ~ 0051
. _ : - 0002
G iey : : |
% L
Ae L
€ a ; ”n +— 0052
dnoi : ;
4 9 Q Myw,

(TeqONNragd3.LSan) Ho=4y 2'g1Lz=01S 'V Lava
: (8) WeIib03BWOIYD JUSIIND




Current Chromatogram{s}
DAD1 A, Sig=215,2 Ref=off (HESTER\28JUNO54.D)

J
mAU 5
w_ 3 Group 2
2500~ Y.,
1 s Day 3
) % © /
- X4 Raf 6
2000 ©
i ~
1500 Y
i (]
4 <
] z
| =
1000 2 2 -
4 ™ [Te] +
1 e 8§03 N
1 3 o \ = < b
500 €lio = & L ~ 8 o _
: I A D Wi s 8 G N 2 :
(=T o 3 ™ e d o
4 = o — ﬂ ’ = 5 LM ol
0 i I {[.\/?}L\L My ! I o e S v ..Trlfr_L...\fl’ 4
1 t F =T rgllllnlllii,
T T T .; T T T _ N T T m T T F _ T T T d T T
0 20 40 60 80 100 miny
DAD1 B, Sig=280,2 Ref=off (HESTERZ&JUNDOE4.DY
mAU - 2
, T
2500 - ¥
2000 1

80 - 80 , - 100

i,



(TIT] 00l 08 0g oy 0e 0
L L ! L { | t ! ' L 1 i 1 r it
¥ -
& -
E ow o MW_ L@ i
w “ @ = b+ -
& g & S ¢ - 00§
¢ N =
2 3 [
o.v -
0001
0051
- 000Z
P r
£ t
+005Z
B L X
4]
2 [ v
(Q'sSONMreZWTLISTH) Ho=ieY '0gz=6I8 ‘g 1ava
LI 00V o_m o,m or ow 0
1 —— . . < T : T b 0
M\u.lmr.:l%_ l:fA.M\:ﬂ\ = ~ y ﬁ}\J T _r_ﬁ._!r\r i
s ey i =<} w VIR — - L
o © ™ ] o ~ & o) L
c % ° = 2 - 00§
- L
ﬂ & r
(=] v
3 ] L
..% .um N 00C1
[ w L
@ & A
u
= = ~ Q0% L
> i
o L
S L
- 000z
L 1Ed -
¢ Re@ W - cosz
~4 L
z dnoio ;4 ﬁ
® Mvw
('SSONNrBZILSHH) yo=ye Z's12=BIS 'V 1avag

(s)wexbojewoIy) juaIIn)




Current Chromatogram{s)

34.475
38.004
42.940
46.692

?

4

DADT A, Sig=215,2 Ref=off (HESTERWZ8JUN056.D)
mAU w 154 :
B} c
Nmood AO_._. ﬂ
4 in
w e
2000 ] __
: ~
1500 -
7 M~
B m M
2 88 o
1000 ™~ g
, ™ 2 o
o &
i < & i
500 — &
- w (13 - ﬂ 3 o o
] 5N m s 3\ g
] S L
o 1 L é il
T - T 1 T T
0 20 .
DAD1 B, Sig=280,2 Ref=off (HESTER\28JUN(56.D)
mAU | g
] P
+
25001
]
2000 4
I L
1 T
1500+ T
1000 —
| o -
u_ 2 B o
500 - o & 33 o
| ~— &N o = ©
@ ~ in / Ng 2
1 \? ™~ @ B o o
p S © ©
0 ._ 12 4\‘/«((/\,}\#%{_‘/ y __




Wity

F

m

D_N 0 ]
e A AT VAR o 1
TN T
> ~l ) i L]
N2 ow o S o= r
in b & = N =4
O O ZQ s 0 r
[ I n - on ~ 00S
N : L
H Q
N [s] L
8 Sl
- 0001
- 00&L ,
I !
.C. r
& — QaoZ
li9) -
LA
2 N
o .ioomN |
- | Ny I

(@ 2soNNrezwaLSaH) sostey Z'0gz=RIS 'a Lavg

f

o_N 0

L9626
¢LE'¥R

5oi'08

Z dnoig

T T 7 T 0
i iﬁwﬁ S ¥ .
.L. B Sl 2 [ |
Sl 2 8UIR : _
i £ ~ 00§
o N r
o R £ i i
o v - "
& - 0001
& R
= k
Py L
© - 00g1
I
Y - 0002
Q1
7U -

w ~ 0052
| g Lrvw
(O LSONNrEZILSTH) Jo=jed 2'512=815 'Y rava

(g8)weIbojewoiyy JusIIny



Current Chromatogram(s)

¢

mAU

2500 —

DAD1 A, Sig=215,2 Ref=off (HESTER\28JUNO58.D)

—
P~

g

—= 16.271

4.072

8
28.397
30.189

32.420

6.805

12,963

15.302

21.756

== 23.460

27.319

5
0 pj%

—=-70.023

Lk

T T T

Group 2
Day 5
Rat 2

]
0 20

DAD1 m_.m_mummo.m Ref=off (HESTER\28JUN058.D)
mAl ]
1 R

~-
0

2500

2000 -

~
[s)]
)
@
o~

2.417

527 16.242
B
|

_I
1

s
B

= 34,371
=~ 36.782

min




— = £
N Ly AN E E
1 m |
2 > §LLBOk A - 1z860b{ |
o \
O O @
g Le
L L
[ -]
2 ]
| -8 2
’ 209°4G
8z0'6Y :] I %
v9.°0F
voo-wi L
< <
800°8E
olevel [
5 = Z6Y°ZE
B @ 3
& 2 £L0°0€ L
% =
= -
2 =
Q ad
= = |
E E ELST8 = _
| ol
L S -]
5 5 el
% e ocpal =
w ¥
5 2
h i I
= =)
‘2_ ©
R <k . - .
O €608 | 5 VT B8+
= <L
— : L o2
= T —g LI S B N A | L LS - Lt s B e I B My B L o
[=] o [ o [=] oD o]
< o (=] o (o] (=) (=) Q
E B 3 3 s 5 t R S

Current Chromatogramis)




Current Chromatogram(s)

T DAD A, Sig=215,2 Ref=off (AESTER\G3AUGO01.D)
mAU @ 0
i ] o~
] - Group 2
2500 j - P
1 Day 5
2000 . Rat 4
P~
ul [
1 o
1500 — '
- | 3
1000 _ ﬁ &
] ] 0 8 & @
] . ° ~ = o
s 2 = > 3 o8
ol ™ & & w2 [= >
- — — o o [ ©
] & s 5
[ -
0 ——t g I o e B
T T T u T T _ T I — _ 1 K
0 20 40 50 80 100 iy
DAD1 B, Sig=280,2 Ref=of (HES TERWAALGACT.D)
mAU | P
2500 - :
i
i)
2000 @
” fe]
1500
1000 -
< i~
fig]
. [1e] ~
500 — & BT . @ . : i
] X 5 N - = ey & o g @
o - o v o5 ~ s B P
LTS P N LY 2 z g e B4
) | ok ST N il L\V.\jlr%'_‘}, m\%. . _;DJl\fll' _ ; ! vf#\.m__lri.f‘fi’_
0 20 : 40 . 80 80 100 T mid
™y




{Q'Z00ONYEOWILSIH) Jo=yoy Z'0gz=0'S ‘g Lava

——

2 o o Q 1233 o o a Q or
o S S S. s P S o) =] bl S 2
Q =] Q Q Q o [ [w] a (=] =] o o C

o PO S B § 1 I W B RIS AT W TS o,’_Lflnljlll i [P T T T SN T N T S
f a2

5384 i ———
.%8.733
+4.061

(] |
(=]
1 30.999
3 2|
g 3
% &
82.176
1 tssjso
1 1lgo.713
| 93.831
2 87
d
A O
& . @
| — < 0
n o o
EL 3 N
- =1

— 47,366

Bis 'v Lava

(A Z00DNVEOWTLETH) HO=48Y 2'GLT

(s)yweIbojeWOIY) JUSIIND




0z

o8l

. il

QoL
1

Ui

= o ho R 3 = e & h 3
(41 (8} [e=] [4)] )
o g g g S g Z o 8 g g g g Z
_II_l_J.IILII,__j_LI]_I_J_IlJILI:IIJ_IJ;DD [T D00 S YO S T AN SN K TV HA S T S SO S [0 S 1
g L
‘ 2 ———em$:703
el .Y | -
== i a7t P T === 5:462
e J% e 6.910
£9.352 o :fé_ ,
LA g ] RS s
= 11.138 S —
A
13.807 :
&, J
=)
= 18.448
| 18.537 I“Iﬂg_ﬂ
J20.729 v
i
e e
'I 04,520 al
. z
%291’42 Q
J = o 4
] '31.324 5
=== 33,032 =
[—34910 1
t36.712
<
|
Q
@ _|
(o]
|
- o | P
- (o]
J[[32.395
M
1 Moo.7zs
93.952
=
o
D U @
[0)] [
—t e 0
W @D oy %
3% ]

(T E00DNYEOMILSTH) Ho=18d 2'g1z=B1g 'y 1ava

{8)weibojewoIly) JUsIIND




08

ool

(@ FO0DNYEMWILSTH) Ho=led Z'0gz=015 'g Lgva |

i

ocl

T

02
L

-y 3] N3
¢ o ot
g g g &
\I.Ililil. P I
$T802
: 5469
924
11.012
S — - L
24.980
28.383
31.023
32.899
A O
Q o) g)i
~ [
| ()] ,_g
N

(CH00SNYEONILSTH) 4o=joy Z'sLr=hg ‘v 1ava

(gywerbojewoIy) JUSIIND




- 000}
oosk

by

Q

(=

=3
]

PR R T S B DA

- QGG
0oal
= 000¢

|- 13559

16075
=

84 zﬁf&é}d
— =208 2433

== 27.733 28.509
31.163

18855

{(T'S00DNYEDELSTH) #0=J2y 2:082=0S "9 Lavd

-32.887

0¥
L

.
=3
3

58.042 -

59
0g
[

§2.899
{ {.165.051
68.346
1. > 70.956
: 173,103
77.338

§0.328
82403

87.312
_189.472

| 192.130
63.902

00l
|-
)

8 1ey
G Aeq
Z dnoig

A
e
LI

(s)werbojeWOIYD JUSIIND

(g gooonvendILSTH) so=ped g'clg=big 'Y 1 ava




Group 3

Normal diet and vehicle (control)






T[T 00l 08 09 oy [i74 0 o]
i s 1 | S T L | T L | L 1 ' |
: i e s 0
W _,\ i ﬁﬁ Js
w ny
; B ;
[ e F
S g g S 00Z
. gl 3 5
o [ w0 h L
% 0 i L
&3]
© 1 - 00
W o
— w [Le] -
& S -
~ ~ —009
]
— 000}
s
[o] -
& | nvw
(@ ¥EONNrZZWILSTH) Yo=tox Z'082=61S ‘g L avag
UL gol 08 09 v 0¢ )
I L 1 . 1 : n ! . — ) —_— i f
II%I!I%U T T T i 4]
g 5 8Y %J N i
o [= B - B ] w [ -
< 9 8 3> B .i o ~
~ S © g 4 8 & a 1
> i
. 0 -
g 3 :
. [e"] a -
9 .
3 % . . Wooo_‘
I
, = 00GE
m_.u L
(4]
[{e]
@ L
_ ~ 0002
e ‘ T
ey & | T
0 AeQ & S - 0053
[ P L
¢ dnoig = 2 Loy

(O vEONNrZzvd3LsTH) yo=ian Z's1z=018 ‘v Lavy

(2)weiboleWoI) JUSIIND




Current Chromatogram{s)
DAD1 A, Sig=215,2 Ref=off {HESTER\224JUNO35.D)

mAU 3 Group 3
1o
2500 | Day 0
% b * Rat 2
= <
] 3 N
2000 L o
T ay
. e
1 p
1500
!
N T ~ o
1000 - & =18
- . o™ o)) d
] o N o p:
] © . ©
500 el o ® = o
b \ ™~ m 44... 2 2 > 2
RIS B
0 L ~} ey 1 L\l\/w\kl.‘
l
. T T | B T T T T T T o e T T Y 7 ) - T T — T -
0 20 40 60 80 : 100 min
DADT B, 5ig=280,2 Ref=off (HES TER22JUNG35 D)
maU 1 ©
] g
] ]
700
600 -]
500
B | o
400 1\_ T & e
1 & o5
300 g ¢
1 o
] &
200 .
] @)
! @
] ®
100 < ‘
oln _ Iy YAy r;z\s.




Current Chromatogram{s)

DAD1 A, Sig=215,2 Ref=off (HESTER22JUNG38.D}

mAU 2 Group 3
2500 r Day 0
2 Rat 3
w
@ .
2000 o
4 o
{ax]
- <+
A ™
1500 .
A o
g ~ hn L
7 Iy] P~ N @
1000 — e = o
. ] «<
I~
. o 8
) @ © - ~ )
500 < m [ m i % N = % ¢ @ g w 2 n2,_
NG L @lim © -1 N Q e} o
R T IRY- Y zw ; NG 22 w9 P~
TOne N ™ 25 B B
01— {/Z Y Ay Y T =
— — ————
0 . 29 80 100 miny
DAD1 B, Sig=280,2 Ref=off (HESTER\Z2JUN036.D)
mAU 2 ’
] w
E ﬁ : fs53
N s,
7004
6003
] <
H 3
500+ &
] (53
400 B
] . Q
] P
p N ™
300
200 o ;
4 o©
] .
\_OO| b, w H
m . :, ™
04 l,.izuri..\wmrwvf.\ - A . N
— _ T “_ _ : e
N T T — T L T — T II.!.Ilul...JII;I.J.I«II.!_I.laI_..I|II.II.I.IJII_.|4I .rl'.l
0 20 40 60" 80. i 100 Ce e mif~



Current Chromatogram{s)

DAD1T A, 8ig=215,2 Ref=off [HESTER\22JUNG37.0)

mAlU 4
- - nU.
2500+ P

4

2000

9.143

Do
31.213

945
7.773

=)
[
<
o
e 17,011
917
23.035
28.771
32.850

13.579
27.644

19

H

o
T R T
rF10.519

35.986

38612

j‘41.349

|

T T Y ™

0 20

80

100 min

-

DAD1 B, Sig=280,2 Ref=off (HESTER\22JUNO37.D)
maU b

&
&
800
700
600

500

400

300

sy o by e b g
22.872

1
~
M~
[+e]
o]

o]
-~
N
A
M

!

N
(=]

]
1

2
L=
13.276

o
o—ti e f e

80

8C.

100 miry




P gy

: 1 L ' 1
ﬁ_, a(/s) 17\/\/ ,3,1/1,”5 _ 1 0
- _ r | é o 3‘
. 4101 | ﬁ r
=] o L
é i & -~ °© pat
2 ] @ - 002
x w L
o]
w R
= b -
(o] b . L
28 8
] ~ 00¥
-V -
L - 009
o =
P
(]
=3 N
— 008
Fnyw
{Q'gEONNIrZEEI1$IH) Yo=48y 2'082=01S g 1gva
o . 00} ﬁm 0
s s | 1 1 ! s L :
s ; " Tt 0
3 3 3 s r
b @ ] g pel =S -
3 R :
A u % % ~ -
. & - 00S
o o ”
N o
& A Loool
s B g -
R ~ r
a - -
w - 00G1L
@ X i
= A i
- [le] -
~ ]
Y 0002
o ] .
G 1eH r
0 Aeq - 0052
¢ dnoio £ m v

(Q'8EONNIrZZWELSHH) Bo=)ou 2'51Z=RIS 'Y Lava

(8)wexbojeweay) jusIInD




Current Chromatogram(s)
DAD1 A, Sig=215.2 Ref=oif (HESTERZ2JUNG39.0)

mAU T 2 ey Group 3
[as] = (3]
; r @
2500 & Day 0
Rat 6
2000 )
1 2] [
-1 o
1 ~
4 ©
1500
1 =+
. &
~
| _ 5
n o
1000 - g 3
y [AF]
i [aY]
] - - -
500~ 3 ] 2 o9 I e 2 o o~
L 8118 IN8g) 88 35 3 8 T g 2
= o 3 (| 1 & = 8 g ~ o
ffi,\lwuﬁ \/,. " q o 2 9 ¥ A D NN
0 1 Ui i 1 . I . L -
i . T _ T T " T T — T T T - . — T T T —
0 20 40 80 80 100 : tnin|
DADT B, Sig=280,2 Ref=off (HESTER\22JUND39.D) _
mAU
1400 -]
] b
* 1200 mm.
= ap.
! o
- i
1090 i
u o4
800-]
mooh o
b [=e]
] o pt ©
400 -| & o b S 3
i r & 2H
] ™ ] e
t—

N
o
L] o
o d
8,041
€70 .483
% 14.031
7 {20 732
T,
,-——r?
525929
;28.103
e
?

—
(=)
N
(]
n
=]

60 BO 100 “min




Current Chromatogramis)

miky:

i=
o E
ja ) (am ) = .
3 > e s !
= [0 o] ;
O 0o
2 g
- o
16764 | ® s
ZOSUT
Lo
[is]
| i
.9 o
~ ozrs'a:_% |'?‘
T 160 F
. Zoo'ee -
@ POg'LE &) 209} ——m—mm=,
(=] o]
3 N 29467 ——===] |
= =
2 =
a8 - AT [
e e S6E'E
i Eﬂ
9 - Rild ; 8
z L ,
= = Zpell
=] o
A L .
& & 869°¢L.
o o
n & -
& 09F'6 roS
i 1l
2 o
& &
< L a
5 60 1 by
3 , TR
T T T IT T T T I T 1 7T T ! ™ T ™ I T T T T '[ T T ¥ T T O I T T T I l ! r T T I ‘l T T l 1 T T O
< o o (=] < ‘( [=) (=] (=] (=] (=] (=)
g & & o = £ o e @ © ¥ N




(s)wexbolewoIyD JUSIIND

o o [] . T ()] o h (=] < >
o Q [ (o] < [ Q (=] QQ
o =] =] .. 9 R c =1 =] - =] . O < <
o_ﬁ_’_l TS BT I E T a1 IALI_%] | o Tt |A' Lo g a1 | Y |__|_|_|'| il 1 1
' o ’ lw) ’ ’ 0
3444 5] e ——— b
- ‘ 4489 = _ 4186 >
. 486 ! '?.458 :
& o
- N 8.683 b
| E——=-05644 N e S TSTS] N
S }f’—’_’ i
N r [+ ]
P 13.164 P
] T 1 p15.056 i
B a [}
18.096 = = =18.119 =
R T N T
= s o
: = =
¢ 3 3
. S 25,091 ST 8
| e
o [
e =
T 28.332 = 29.332 [
32.204 g 32.201 b
] ’fwm.sos |
5+ |£39.776 2
4 A
J 4
Y 55.506
(557.382
o g4 F 58.351
1 ] 75.503
8- 2
] 4
8 g
A O o
o)) Ja¥] —
B E ~+ «w O
® o £
E._ 3, w
]

[



T g 5o ) o < -2

B

T

0S¢

LI B LB

00s

8872 ——=
£6£°62

or¥'y
8L5's

0sL

ool -

fatlal
U

S8

0scl

0054

0SL)

F¥ate Al
Fa ]

0002
Mvw

¥
LI I e L L L L B BB B SRR

. . . (@' ZrONOrZZWa LSIH) Ho=jey Z'0sz=BIS ‘g Lavg
TV 00y . 08 - 09 o o_N 0

o

T

;

ATy it

9peGs
v oF
£E8GCY

M

8/8'6E
180°'8E
a5
0.8
Liv'8e

660'95 I
zgsl__;
£15'g =
<

T T T [ 7 T Tt

0BE'6Z

QE9'YE

L 1e
| Aeg g T

1]
¢ dnorg . S

88CZL
0§19y =
T 1 T i T T
o
S
]
N

(Q2YONMrZzw3LSIH) Bo=1ed 2'ghz=01S 'Y Lava
(¢)weabojewoay) UaIIAND




Current Chromatogram(s)

DAD1 A, Sig=215,2 Ref=off (HESTER\22JUN043.D)
mAU T , Group 3
@ '
m R
2500 - - Day 1
I~ -
B~ ] Rat 2
o™
- D «
.,_
2000 ~
] o
| 10
]
T fa] (=]
1500 2 N
| Q -
- ~ o wy
[{s] (s 7]
] i -
~ ™ @,
1000 i P
] © _#
J Te)
[o)
] / o
e e} = —
500 — fs = = 0 =
- = 2 N ] o [ [
- é/J? /L H{Peno < =+ £ 1w
fa} s L > L et ANV BRI SN (I i S e
= . L T T — T T —T L = T v T ¥ T T — ] T T
0 20 40 60 80 100 : _.:i
. DAD1 B, Sig=280,2 Ref=off (HESTER22JUNO43.D)
mau | s
] K
] 3
1200 ~
1 =
b P~
{ ©
10004 P
i
IA
800 - —
- (o]
1)
7 <
- o
600 — &
] | & C
N
) [
400~ o &
] 0 8 8
v - <
1 3 P m £ ,.% T
b B2 3 A
? L2 A
o Eﬁbﬁ | 0 ._ ATV N
ﬁ T T T | — T




Current Chromatogram(s)
BaAD1 A, Sig=215,2 Ref=off (HESTER\22JUN044 D)

mAU | . 2 _ : . . Group 3
4 ! .
1 @ o Day 1
2500 2
] X Rat 3
N _
i C m
2000 T o
o [a ]
o
A w
: <
2] &
15004 | e _
LS ¥ B
1 = A
1000 -} _
- ) m
] - 2 | 3
4 AA..I o~ ! o0
J ) M (5 pg )
500 N o o © it ﬁ © T .
] M~ 1y [7s) - 0 . ~ ;2 Q0 o
- %% & RS, S\ IlibEs g8 8% 2 ,
- ] S o , AR A X
0 N | ] L i S i
- . . _ # . _ h : _ _ _ —— , A _ — - : e .
0 20 40 60 80 100 it
DADY B, Sig=280,2 Ref=off (HESTERRZ2JUNGHE D)
mAU i~
— CN
A o
- A—-
1200-
E i o
[==]
1 = .
4 n_.w
1000 5
n aj
k @
800 ,
] . -
1 i
1 d [1=]
600+ % e
] &
1 fls 2
4 ) - r~
- all . 3 3 ;
200 = <lyg g2 25 S
h 2 9\8 mw a_l % ) _ N
i ) @ &
1 6% ?2{% ol .,zéé,w
0 i TANEER AW, ¢ IAYAYN T
7 T T T __ T T 1 T T — 4—‘ T T T — T T T [._w
0 _ 20 40 80 80 100 mi




07
Tk\
[

o

N

I

—_ - nN

4] [ o [=]

o 2 3 8 3
O I\ 1 1 I LJ 1 AL I A 1. 1 ] ; 1 1 1 1_' 1 H 1 1 D
. F
e 3438 Y
- 4255~
1 & 5648 i
§6.814 &
] B
1 10.318 4
N
Py
B
)|
15.576 g,
I
o 513.917 7
° 20.961 %
22.797 i
=05 032 R
S
- [an]
28870 20617 ®
1 I 3
[=32.453 (s)

S

i

[s)]
]

1 1)75579

A
267

- 2 75.26
o

)
3 g1
o
5 5
=]

¥ 1y
| Aeg

Blg 'V Lavd

{s)werbojewoIy) JUITIND

9y Z'6LT

(@ SFONNrZ2NILSIH) o

dnoio

.




.f_e‘ .

il ook 08 09 ()4

[ o]
in
o

[=)
[
e}

[+
w
)
2

052

8L0°¢

000}

Gseh

l|(||E||l|l||1lllffff]'7|'|"..

005t

CSLL

}
|

{QeyONNCZTNALSTH) Ho=tod Z'0gz=0I5 'a 1avd

B L L L B B IR L

nvw

ow 0

L !

91.9¢€ 4]

61€'GE

L1ed
| Aeg
¢ dnolg

iy

L2118 =]

AN A

QUgQEj;Eﬁ

|
|

LZ9L

9L8’s

005

000%

L¥Se

005}

FAYA T4
ey o
(93

¥L92E:

00oZ

gzl 8l

o
U

Pl

S R B S s B S e St R B BB M S A R L BB

80

{@grONNrzzwyaLsaH) Ho=ed z'sle=0is 'v Lava

(sywerbojleEWOIYD JWSIIND







Current Chromatogrami(s)

mAU “H

2060

1500

100¢

500

PRI U B S T N

2500

DAD1 A, 8ig=215;2 Ref=0ff (HESTER\22JUNG45.D}

%013

. P

4281

0.317

———=>18.928

—=21.315

- 25451

131

28.726

32.558

1.385

85.122

T

54.863
Y 56.886

1 79.275

| ;75.578

"Group 3
Day 1
Rat 5

T
20

60

miry

mAU
2500

1000

500

NI SR B

DAD1 B, Sig=280,2 Ref=off (HESTER\22JUNC48.D)

=
o
o
=+

3,078

758

_F
e 7.512

on]
D
«
103
™~

29.727

i e
—.’—QH—‘-— 32.558

1 F’SS.QS
C
[

80

-

B mo =

i



— - sy — 3
e o =~ 2 N bl o *
s & 8 g g8 8 &8 & c
ot
—— 3.006
s 09 4361
1o 5.773
£6.915
= 5979
12.013
N
o
s
1 [==35270
=
&+ E;40.41a
..‘
A
8
ce_s
[aw]
2
[ ]

]

(@ 2¢ONNPZZMTLSTH) Yo=iod 2'082=RIS 'g Lgva

i

474

0

00g
000L
005t
0002
00se

I 2

e e
== 5788

7614
N

£.980

12.530

1316.325

18.183

§23.167
F = 25,258
- 44

Te-—28.747
——
31.353
<
e
o35 259
36.736
38.542
40.415

—9.708

-22.574

54.915
56.858 -

?’76.661
4

\ 70,275

ajey
1 Aeg

|

Myl
(g)wezbojeweay) IUSIIND

838

¢ dnoig

=19y 2'61z=061S 'V 1avd

(T LYONNrZ2NILSTH) 4o




w0 L 00k, . . 08 : T TR

3

0z

—L

qwlj

g0E” SE—«”)—

LAY
02862

Z

RN

628°1C
9zv'6l

st

LEV O j

Ggltgl

1.8

;

{e]

£60°E
1
=
j=3
=

(@'erONNPZAYILSTH) Ho=IsY Z'0gz=Ris '8 1avg

ML 00§ om 09

L - L

1 jed
¢ Aeg
¢ dnolg

90E" SE~5 758

¥ol'ce

B¥5 Ge

61862

ISv6E

‘ﬁLO

LELO

6CLL

(424

PEEF

00§

LIRS S B B BN

!

000}

—

~ 0051
L

000

_,;
a_, 0052
b
N

(T 8YONNrZZw3LSTH) 4o=4eY 2'512=018 Vv Lavd

(8)wezbojlewoIyy JUSIIND




oy

(i

—=26.006

29,966
= 32,551
— 35223

Y

- - N r 3
o ] (4] 2 (&1 (=) h b
g s - & & & 8 8¢
T T | SR T T OO [N T DU ST S U A SO0 B ORI T T T T
Voo gt i oL PR B 5
g 2
6 - =500 O
4 95 o B ¥ -'4’-292 _3;
o ’f—%j,ze >
& 651 &
Y
& 9817 __ 10604 5
o
i 12.642 e
H1 !
g %15.313 5
s 1 19.099
(| ——— m
nie @
S g
3 %23.133 2
§ T 25.523 ' e
S g S
I 28.776 o
@ e 29,963 a
5 sl 5
2 32,567 2
< 35220
36.952
B4 15=-40487
1 P 4a.800
47.743
]
| 1154904
156,834
(=]
%
A
o)
[l
2.
o
O O O
o ) =3
R —+  w g
N 5
3 w
=

(s)mexbojewoIy) JUSIIND



Current Chromatogram(s)

E I:EI
[ap] &= . EE
[oR i
= M om .
o - ) r
sl (v} [
O N0 x
L
£ g
!
-3 -8
r l‘.;_l_
|
_8 ~8
Pre° 95
786'+G
{ )
20€°9F ]
- ’ . j O
leco¥ g LPE O = Lg
- ;
LLG z.sg =
zoo'se—==——-<:3 T , LOO'SE—K:{;; L
= J6VE 5 £6v°28 E——‘.;{}
— 5 : — o6 ] 1
3 189 6 —poar == = €99 06088 3]
= ' D
q 096 e S 02152 = ||
E VETET = o L00EZ ;
o ' ez | Gl Coe0z=3] | o
[H} . e [ ZZ06L - N
T 6¥0°61 T —
= i = N }
7 809°5H 1] i ssoorly |
@ o
v R [t
3 I etz I
oy o
= 066'6 — B 7066 s
n
.c% gvm% 2
o L= o !
< 51 _ = sge
g: LEp = . % oow
[m]
D-l—r1|r|u:j—r—*r":rinaa.*rr||-‘\\|r L= Tnu-'—rn:u—r“n—rnl,:—rn.1.J.:1—||C131r|r]r1—||]—|||O (=]
z § § 3 S it = g & 8 8 % 8 & ¢




Current Chromatogram(s)
DAD1 A, Sig=215,2 Ref=off (HES TERW2JUNOS2.D)

mAG | 8 : Group 3
q R
2500 ¥ : Day 3
L =3
] 3 Rat 4
L @®
2000 ~
” ed
1500 2
] - 5
1 ©
= 8]
o 12
1000 - o -
~ © w
k L 3 wn
- (o) o
- o o
500 @ o 2 o
) N ~ 5 B3 S BN o- @ © m
DIl RE SER g e gE R ES
] ] — 1...9|~ o =t I~ ¥
0} T S AJYIINGRA S S T R
1 T T
T T T T i T r — T T 1’1 T T T _. T T ( T 1
0 : 20 : 40 &0 _ 80 100 min
DAD1 B, Sig=280,2 Ref=oft (HESTERZ2JUNCEZ.D] -
mAU 3
1200 i
. 1000 -
800-
] o
E ~
800
1 8
400 s e -
¢ o <
2T
/ g &8 o
™ =
[T}
[a2]
\ : ,,
L _ T T T T T _ i T T _ T L
40 50 80 100 miny




Current Chromatogram(s)

DADT A, Sig=215,2 Ref=off (HESTER22JUNG53.0)

O.f_&éﬁﬂz—;f - 3

Group 3
Day 3

Rat 5

£626L4
1892

9E6'vE

LB B——"— ]

_

=
Mg7~=
B8EZZ =" |

6E9°6GL 3

ovl9e

+8e sl
g98/.’El

i

vwa—dé

599
904G —

o =

9eF 0l

fa¥al
o

i
4

[sX3

mAU |

2500

xc.llT\\\x—l\irll11na"_l—|—l—‘!‘“
[}

2000
1500
1000

500

¥
80

mirJ

60

40

DAD1 B, 5ig=280,2 Ref=off (HESTERW2JUNG53.0)

80

80.

ooEZE
G.8'6Z

180°9Z =

Ly hE ==

SEVOL
_ 0b993
V1L G
.. BgEF —
L0&E
‘r—|—r—|—|“1“‘l‘—1—r—r_r_'_'—l"l_|' T T I_I" T T 7T |c|>|—! T T
[=] o [=] [=]
T g e B 3 B
E o 3 - A




Current Chromatogram{s)

BADT A, 8ig=215,2 Ref=off (HESIER2JUNO54.0) - |
mal ] 8§ Group 3
1 % .
25004 | s Day 3
] | _ - . , "Rat6
i @ R
2004 = N oo
2 - S B
A N
| — o0
(o]
1 !
1500 o | o
2 -
[F9]
] 9
1000 , / ’
7 C N
4 [#>]
<+
] bl : _ — “ ©
500 o 12 - -
E 2 = M 5 o = B ) e 9
1 ™ @ oo ™ Mg 3 = % &
J ™ © m /.?/; gfLZ 0 s 2
0d—u N | i _ SV PP =2 P —
T T T T —T T T T T ot T [ T i i T T —T — T T S B —
0 20 40 B0 80 100 min
DADT B, Sig=280.2 Ref=off (HESTERZ2JUN034.0) =
mAU A
8003 &
708
= (453
b o
] ~
600 0 &
B .
” =1
Jd n
500 o
] =T
N 0 :
400 i ~ o
] & B
- o Y
300 © o
200 - o
] B = -
] @ - 2
100 = ; =
] I ! <
0 w A il I _r m_,f?.m“._,w_llltfrstr:%l.ll!}
I||—|.-I|||_ T _ T — 1 T _ T T _ T T T n T T T _ T T
L 0 20 40

60 8C 100 min




Current Chromatogram(s)

— [=4
™ =
5 0 ~ X
[e) S
| [0 [

O 0o
[
=
! 7 =)
gogesd [®
0E89YL
i | O
. [(n]
o
~
EEGYE ==

a 1985'Z¢

el §1L.0°0f —=ar: |

O §8.'82

=

2 | A

& shyse 0¥ ¥z3] |

i BEEZT o

e |

1] . — | .

w GOS'B4 = &

E -

i yeyob{] |

©

o 29214

l.{; “—‘——W—r—-—j L

&

1]

>

V3]

< -

0 £eaes LS

3
L\|'7_III!‘llllrlllTlllllélT!lg‘l’_"_o
o (] [wn] (e} [

2§ £ 8 & &8

DAD1 B, Sig=280,2 Ref=off (HESTER\22JUNG55.D)

bl
F
&
=
-3
F .
T
.o
©
I R P44
|
5 |
= .
[B2°9€E
i L
LEGPE =
£00° 08 N r.‘
8099
E0¥'SE it
QU LT =]
| O
- N
00191 !
_——4—"—"——_/(7
ginL__&_ﬂ% "
i
99L'}_$f_
. .
E09G m—==—ouo_ 3
8L e ——
Q) O ——— e i
I'I_I‘|IIIII|)Tl!lllflrl!l_!_'_|l_v_lcljlllk_o o
- [ (=] Q [ ] f ]
T 8 B ¢ & & °F




@]
— :
4] [w) [4,] Q o (5] 2 o Q (&) [§]
o 8 g 3 g g & 2 3 8 S g & B
O — 1~ U NN U AU T VAT U N S O S S S R S S | 1 o IS | | ! I BRI I S S § o
@] =ife]
I I g
| _?—4. o > g
£6.820 0 W
» o5t
| o507 . K T o
< o= 10176 @ 2R
I o 931 -
13.306 P =
T e
16.279 % loqv
17.822 = T TTATB05 o
[ M g m
o |/ [=3
‘@.455 g ﬁ
;;?‘23.262 : 2y, A
§ F==74.896 5 R
-~ [ [
fég s S
5~ 28.6 -
. ?ﬂ.—?ﬁ— 29611 g 29610 3
L3112 o B =/
- 32.508 = w.511l
M ——=~34.919 |
- 38.425
8- T=40.166 &
| b44.419 |
J A
24 87
1
- -1 1
@ @ 79.287
(= (e ]
-‘ A\
=N ch
1 1 oo R )
n oM =3
— 8
i 4 @ w3
w J
3 3
=i =




WE _ oo} e 08 T 09 o 0z 0
' N l s ' P ! S ’ i t L L L 1 L : |
= ] _ . M” O
_r M L[ L
on I
[s)]
ﬂ rTooN
[fa]
omw 3 = ﬁ
o> © Ry oor
[s5] L
[s)]
] L
E- L
a ~ 009
- 008
&
£
@ 000k
mu ﬁ
i) .
@ L
[t L
yw
(@ 2SONNrZZ318TH) yo=jey Z'08g=0IS ‘g 1ava
i a0} 08 ) az 0
L ! | M S ) 1 ! 1 _| | L r L " I s 1 N
e A % T " —+0
-~ [ H‘K./.} _‘._.)I‘_../:M)Inruf? -
< D o £ o h @ N L.( r
& e SRR oS SRRV I
@ =3 o (IS8 < T T ﬁ
Ry e v 3 {7008
N 5 [
3 )
[\ »
e B - ocol
o % =
[4] & L
~ 005 |
d .
(%3
P 000Z
a &
1By 2
(2]
G Aeg . A 00z
. i)
¢ dnolg : 2 vw

(@ LSONNMrZZYZLSTH) Jo=10M 2'612=A18 'y tavg
(8)wexbojrworyy 3TsxIn)




Current Chromatogram(s)
. DAD1T A, Sig=215,2 Ref=off (HESTERW22JUNG58.D)

mAU u 3 \ Group 3
L .
b .
2500 | Day 5
1 ©®
] e Rat 2
2000 H
1 , o
] : ~
] _ =
1500 - 2 o T
] 3 &
~
a :
1 87.,_ o 2
£} 1 I~
1 5 R ﬂ 8 if
] L 9
500 -4 o 3 g g 3
] P © = 2 P o = 2
1 o o b o 3 2o o
i g h o o T ~
0 i 1 _ , it /.}?\!.L ht = lrlkﬂllsu!/_':*.uvd(fi IR S
#;’ T T T _ i T T _ T — e .—l k T T 7 ~T T j
0 . 20 40 80 80 100 mi
DAD1 B, Sig=280,2 Ret=of? {HES TER\22JUNO58.D)
mAU 1 :
1200~ -
]
1000

800 -
| -
1y
600 - £
4 [Ty
] o N
J L @
. [
400 ~ o m
] 589
4 (=] o)
o
200 T 3
] ) S
] / b
0 ™y /,Tu [ ,.;L?,

40 60 . 80 100




.i_.H_E R 0oL - e ) o8

+08°

009

21528

2606~

F yWw

{QBSONNIrZZWMILSEH) 4o=19Y 2'09e=015 ‘g 1ava
] 00} 0

L
I

‘0LEBL

0os

B9E°LT

000

L L AL L

B90'0E
L¥L'S

£ 18y
G AeQ
£ dnoug

—00se

¥25°ZE

1epE

ﬁ nyw
(O 850NNrZ2WILSTH) Yo=jod Z'61e=0IS ¥ 1aya . ;
(g)weabcjewoIYD JUSIIIN




Current Chromatogrami{s)

BAD1T A, Sig=215,2 Ref=cff (HESTERZ2JUNOG0.D)
mAaU | 8§
P
2l

2500 ]

—==19.026

25.413

1000

500

PR SR U T N T T SN VO S NN O

g 22.305

32646

35.242

40.548

T " T T T T

44,903
54,938
56.850

Group
Day 5
Rat 4

79.334

©_

=i

T
20

BAD1 B, Sig=280,2 Ref=off (HESTER\22JUN0G0.D)
mAU

800

=3 N4
U

700

o
(=
<

NN NS N

25.417

500

min

min

80 100



0z

Z6¥ 0r
£98°9€
1215

LLV'GE

8OV'Z¢

08E'SE

=l
5

6e0°tT

L6178

8EG°0L

L3

LA ammeees——y
T
g 8§ °
<+ &

Evis

(0 18ONNIZZMH1SIH) Ko=ley Z'08z=F1% '8 Ldvd

X
T

o

[=1

©

QLOE
Jot
!
j=d
o
o
-

M 0oL 08 08 oy

0e
I

0

Z06'98

bALGE

89¢'CE

Gley
G AeQ
¢ a:o_.o

808°81
8429l |

L0v°Zl

6v50}

£8E g3

0cs

00S|

0002

L

—005¢C

w '.._._,qE

a._‘woz.nﬁwmfmm._.mmzv Ho=jey 2'51Z=0is v 1Qvd

Q001

(s)weibojrwoayy JUSIIND



Current Chromatogram(s)

DA&DT A, Sig=215,2 Ref=off (HESTER22JUNDE2.D)
mau | 3 ] . Group 3
2500 - ﬁ : Day 5
] 3 Rat6
i ~ :
2000 — 3
- [=1
o™
] 8
o
1 [sr]
1500 - Wm
4 h
- B @ &
p =} -
1000~ P
i o -
118 2 3
4 el g o
N c < nn,__.uu - -t
500 — @ n @ el
K s} @ [} j [ @© ) =)
- =R 8 2 F 8 52) 3 & g8
] e 2 VN BEl g S 28
0 " ﬁ [id T JEE};%
4 ¥
T T T ]— T T L g ﬁ T T T L T T T 1J| T T T J T T ..
0 ) 20 40 60 80 100 mhin
DAD1 B, Sig=280,2 Ref=off (HES TER\22JUNDEZ.D)
mAU
NOOOI_
1500 - L
q mw
N -
1000 -
]
4 » <+ o}
1 w % [4s] mw
0] fg s %%
1 § ? © o ﬁ o) o} 2
“ = &8ssl =y S
: -
4 L RENSUL
= ._IL.?.J»)LH\I o) fu,. r.&v.
- T i T ul T T T T T T T T ™ — T - . 5 —
L 0 20 40

R 60 80 100 min




Current Chromatogram(s)

‘ miﬂ-; :

=
™ El
o
5 0 | |‘ .
[e) Pl = u
b— [u] [ .
O 0O
= 3|
I_ 5
d
e | o
00€°6L D ©
i 4
ZL6°99
910'99< : -
zgv'gr%’
}_GZ'OV% Lo neor==] g
6./.9'A£§ )
641" . LR T
= 01L5°ZE —] ~ 1:09'39——:%
8 V';‘:O'OQ_-E%:1 ‘(‘g |,z[)'(}{»:__._=fn.—_-—_—;—::__h3 L
S z.ez'szj s i
Z . 5 , 955°92 :
g bSZ5T ——" | g 981°52 j; i
& 2 162ET <,
E _oﬁ sss'ozé g
L 980°6} S <
i =
O (=}
R L I
@ [}
ndd o
o o
2 9920} L (& 502'0}
ol o ’—
1 1l
) o
&5 @ L
= e g ogLp =
O Py A £}
<. <
Q Lo)= . : o
L B I i’ T T T T ' T T T } T T T { T T 1 T r T T T T TT r-l LI I AL E TTTT r T T ITI TT1ri I Trri I LIRS} I TrY l:
- o o o o =) o o o o = o o . oO. o o
< [ o (=] o j] < e Q Q o (] (=] [=]
g & 5 © = & E S




{s)wexbojlewoIY) JUSIIND

3 — — ] ha 3
b P o co > [5;] [ur] o (=) [5)] iy
(=) (] [aw] [=) [e] (=] [ o [e]
@ =] S =1 o) c [=1 =1 = =] =] =1 [y
o PR YR WD ST TN SR T N N | M | o PN T R U RO TS T NN TR TN VU N P o 1 l_1 L
. . ) - jw)
- B : =043 5
| 7 ' 440 o 4 {15 S
%—5.543 - >
34 .
e TP TY B 334 40,266 2
[/’/ o < 77.620 ¢
Py ' ' . P
143 1 @
1 15.228 T 15.208 i
1 a =]
. =* C g
; 18.383 z - — {8,400 T
¥4 &=/ %o“ a
— L.
%22.379 m 22006 o
e 24.735 X 24,833 N
= 26.266 = =
= Z
(o] (]
1 = 29.852 & 29.863 2
o =]
— 32.306 = 32.308 =2
P 33,797 33.805
| =23 54 50 ] 34.531
-;.)
5 540.170 &
; ] 54.916
jse.sag
2 3- [
290
R o | (7929
27 27
a0 o
B & =
i i - e O
0 ¢n .g
: ] °°
2| E



Group 4

Normal diet and cyclosporine






Current Chromatogram{s)

DAD] A, Sig=215,2 Ref=off (HESTERZ2JUNOG1 D)
mAU 1 8 o Group 4
2500 & <
W
1 e . © Day 0
j 3
1 o ‘Rat 1
. [4r]
2000 :
]
1 o E o)}
4 Q o
1500 i o
1 D
] o
Q .
b o P~
1000 - @ 8
B [Ty} d [o.
g @ S |
MODI o w
] j o & 11K\ 8 ? . 2 s S88c¢ o
J o > ~ Bw a ™ < < 12}
] | © oo =~ 4.4& 3 @ o kR o
r z : . o
SRR ASVAY Saadil WF b e _\{érrrff
1
T T T T T T T T T T T T T T T T T T - T T
0 20 40 60 80 100 mir
DADA B, Sig=2802 Ref=off {HES [ERZ2.UN001.D)
mAU 1° 8 .
I
- La el
2500
2000
1500
- o)
- &
DI et
1000 ~
I o .
” o™ ﬂ % M ]
i @ - ) ~ o
500 ] w - w = - N M
] SAE la hLlG
o LN NS W S
7 T 3 _. n T T _ T T w T T _ T T T # T T
0 20 40

80 o 80 100 5 min.



Current Chromatogram (s)
DAD1 A, Sig=215,2 Ref=off (HESTER\22JUNO00Z2.D}

mAU | P Group 4
i wm , . . Day 0
2500 : :
] . Rat 2
Nooi 3
[Te)
4 o
H_ (37
1500 £
- a
T |l
o
B =3}
10004 |9
J [in)
o
7 o~
4 o
o o
500 — a~ 2
il e 8 g ga ¥ =
: g 2 < © v e R 2 &
0 f | ~ %(E«[&(LMMDW” r.\lu.%oo _%

T T m T | S _ El T T — 1 T
0 20 : 40 50 80 100 min
DADT B, Sig=280,2 Ref=off (HESTERZ2JUNGEZ D) :
3>c# g ‘
A P
o
2500 -1
]
2000
1 ]
118
~ ‘“.
1500
1000 -
A o~ w
p o o P~ ~t
soo IS 2 £ A
i =) H
T2 g ge 88 ¢ G gt
[2e] M~ ~; @® o
Mol 225 e huhas
0 LTSS VR SN e\ i .
_ _ : . . . _ « _

80 100




Cufrent Chromatogram(s)

DAD1 A, Sig=215,2 Ref=off (HES] ERZZJUNOCI.D)
mAaU {3 Group 4
1 { g Day 0
) i a
2500~ © Y
d o] Rat 3
w3
1 ~
1 -
20600 - & 7
4 aQ
] [N
GOL
88@
MOOM, ©
- g 9 8¢ g5 >
| N @ NG & o &
] 2 = Sy R o
._\IIY«'J’ T - T T T ™ T T —
0 20 80 100 min
DADT B, 5ig=260,2 Ref=off (HESTERZZJUNDD3.0) ,
mal | &
2500
2000
]
]
1500
[{e]
Q
@
[+0]
- & p
5
[ o)
3 )




Current Chromatogram(s)

DADT A, Big=215,2 Ref=off (HESTERZZJUNQDS.T)
maU 9 3z Group 4
& @
ot ﬂ . Um.% 0
2500 .
r~ . Rat 4
(523
1 @
2000 - = )
] o J -
h =]
[=2]
] &
1500 — #
: ” o
m Q
i © ©
E o ©
1000 N ]
] @ - ©
500 m W ﬂ 0 m - % o
] o ls il sl EE 8y g 8 58 *
] call W T L o .
i ] ,_. t.L:ﬂ A T3 4rJ«rtL\/v\f:r[_.. 2
0 L_ * * i ) - T e(ﬂij\'a
K
_|| T — o T T —T L T T T T T T — T T i T T T T
0 20 40 860 80 100 mi
DADT B, 5ig=280,2 Ref=0ff (HESTER22JUN0D5.D)
mAU 7
2000
] L
17504 &
GEL
. 1250
]
1000
750

33.879

F;




Current Chromatogram({s)

— DADI A, 5ig=215,2 Ref=of (HESTERWZJUNODE D)
o)
mAU ] w Group 4
2500 - © Day 0
1 w o Rat b
2000 -
1 o
. X
(=]
1500 ~ - & N
S 154
] S 3
= [ 2] 0 o™
7 [#}]
1000 4 ]
4 o
] o
| (2]
5 .
500 ] P & ? ol ES
: 2N 2 Togd o o 2y 23 @
1 ™ | 2 Q0T B & = o ™~ o 3
1 C gl o ~ 8 ~ 2 o
0 i I 1 ! t ._4 .I(L)la“ _L\\\J/YJJ.)| A\fsf)\_r ' _WNJ,JJJIIV..J‘\
; . . _ : , , : : : " - : ; _ ; : : _ ‘ :
0 20 40 80 80 100 min
DADA B, 5ig=280,2 Ref=off (HESTERG2JUNDGE 5}
mAu 1 2
1 T
m
2500
2000
1500 -
1000 -
- (=]
A - [ ]
@ oo
N M~ [« P M
5001 5 .5 oae | 58
@ r~ o~ <t
- o _...r. [as]
! - |
o | 8
- ] T T T. f T " - - T T T _ T }4.
: 0 50 : 80 100 4 mirl,




o (=] (3] [ (4] o o (=) a
o g 3 3 = z o S 3 S 8 g &
ot PSR E N N T O S S H S T TY S R | [ o L PRI T PSRN Y TR TN T VRN T T [ T O B Py a0
2 g
— 3484 i ==32060 - 5
1 5.456 » >
7.212 j 2
J 0584 é %
11.430 S o
b N M
Pl o
4 [}14.931 & £,
K A ES
> 18.032 = 18019 =
My min m
(=] 0 w
522,146 % ﬁ
1 ==—24.513 g | g
R 26.646 ; ‘g
1 29.432 % §
_ T(;-31.947 o =)
| & 34.487 ]
38.053
1B [*40.263 5
1 1
J 1 55.137
57.236
@ _] @_| 59,222
o [ ]
A r
1 1 75.458 '
: 4 76.457
@ z ! ] 79.232
192.897
=5 g
A O
Jab] o 9
l ~ o< 2
o o 5
3 3 =
E§ 2 I

(g)wezbojewoIys JUSILND




Current Chromatogram(s)

T &
< E £
3 % - $ob
S o um
O QO r i

| 9 -3
56826 (
-2 -2
109°8L <
F T
] -
o o
Loy s ]
M'99< - A
g
oV LY
i
LBG ¥ i i
£g5'88 —=] —F zeseed R
L61'ge ‘
SHE"OE , f
Y99 vE — - sogvE == |
= "z ' | = v20°28
g e80 BLOTEN | a |
8 009762 . 2 18562
S . 678z <= = ‘}
- =) N
3 s .
I ZeL¥E & BEL VT g
i - :
m 8022 i aE
o ~ =] L
T 695°91 N 69581 o
i 12850 g iy zezshg L
a - D 5
o w
o 180213 o
= 2968 2 s e
i e——=! [ [§ =
o z;] = i
V5] = (%]
< ,5 o RGeS [
A 8oFre== o pore — |
a —d 9: o
jaa] - (]
B B e s R et B R ML R (D M Rt LD B LI B L B B A T—O B e S s B St B B B B B TT T T T T - O
2 8 2 3 3 3 e 2 8 2 a- 3 2 @
e & & a2 =) 6 g & & 2 2 i

60




Current Chromatogramis)

ﬁ DADA A, Sig=215,2 Ref=off (HESTER\22JUN009.D) -
mAU A % ’ Group 4
1 Day 0
2500 ~
] = B Rat 8
El (o] U.N
] -
| 4 M o
2000 K )
L
..Ol ¥
a
1500 T 3
23}
[
@« o
1000 2 i >
(=2} ~r o
b 3 I
o o
k I} /5 _
4 ~t [ m
500 ~ oo g & -
i ™ 3] i) ™ o ; [ e m o I~
! www? X &/M% RET 0 28 2 2
L o2 7 e g Fm < @ 8 o © o
0 ] 1 _ I ‘*éﬁféﬁ ! # f_ L {f:‘_?t“ E\M\MD\(’?}P. TR _ ST mj
ll..l.l1|...-|||.l||ﬂ|l‘. T T T L — : —1 L \JI\I_ T — T T T [_‘ T T T 1_‘ .J'J'A
0 20 40 ) -60 80 100 mi
DAD1 B, Sig=280,2 Ref=off (HESTER\223UND02.12)
mAU {3
A o0
. ] ~
2500 Y
107
2000 w
4
._moo;m‘
]
1000
h el . S - Y
. w0 & < Do
500+ ! W W oo Y oo m} &
~ o Q
g @ o
d — o
0 w ﬂ\/ll,‘?/)ﬂ\[g\\&y% }ilr\l\(’f LP. ;
) . T - — T T . T T T T T T T g T T T — T T —
0 20 40 60

8a 100 mi




'l 1 1

o

180°G2
G610

€2}
o
b=
i

o
Irs!
M

00aL

IR B A R UL LU B (=
[
Ly
™

0SZi

T

T

T

0ogt

QsL)

0002

08¢

nvw

] . (QOLONNFE2NILSTIH) Mooy z'092=015 'g Lava
VI 003 08 . g4 oF 0z o
b

+ } R 1

f

091’

000¢

L R E S S A It B B

0e9 62

1
L4

60E'FE
L0TG

- 00S1L

MoooN
L 1ey . )

1 AeQ :
¥ dnoig . . m F v

(GoONNrZZaLSTH) Ho=tey 2'glz=BIg 'v'1ava
(s)weIbolBWOIY) JIUSIIND

0052




Current Chromatogram(s)
DAD1 A, Sig=215,2 Ref=off (HESTER\22JUNO11.D)

mAU w Group 4
2500 & . . A
] " . . Day 1
% ,‘ Rat2
2000~ m ’
] ®
1500
] o o
] & 9 ?
T 2 S o
1000 & 2 2
A 7 (o]
B — 7] =t
o o [ar]
7 =
i o]
500 = %f @
| . o = Nz © T2° ~ =) < o Q -
,_ . RV & N =l = o g 3 S 3 0 ]
i - o 1w @ A KE8T & ~ 0o © of
1. i~ .,_1 | i :|M ] ! ,lrliu\fu_nw; by llﬁ;syx_\[ NN mu!
Dl‘ﬂ t S
_ — T T T u T T T ﬁ T L N — T ~T T T L _ T J .
, 0 20 40 = ) 80 100 min
CADT B, Sig=280,2 Ref=0if (HES [ERWZJUNO11.0)
mAU{ 8
500
500 -
b [an]
Rtuo_lu =
h 1§
] I~ q
d P @
300 + ~
o
: 2 &
e o =
moi : ]
. ™ M
1 o o =2
] ] © 2 &
100 - o oo w0 r~ / B
R @ © [= !
4 o] P~ o~
LRI 2N L
0 1 ﬁl | d ] .2.‘ Ll .;Illf\/lf\.\(\,vr 1
] T T _ T T — Iﬂ T T T _ T T ﬁ T L T H T L K
0 20 40 : 60 80 100 miny




pim 0oL o o8 T T 08

00k

4%:

01074

890°vE

1og°Le

BYILE

ooe

0ot

LS} '6¢C
o

HHS

009

95+2

Ny

886'€d
-TIIIlJ'l"'Ill_llllllli

. : (0ZIONNreZW3LSTH) Ho=joy Z'oez=RIS ‘g Lavy
i - 00k o8 09 : or 0z

-

- 5

96¢C'6€
0

.J
«
N
o
©
@

i,
o5

SPz'6L
gcl ey

v.5'92
L8E'¥S
0e0’s

8E1'82

005

000}

020'%€
109 | g —mmmm——

51 6%
c50've

€ ied
| Aeq
y dnoig

(@ ZLONNrZZY3LSTH) Yo=1eH 2'51z=M18 'Y L va
(s)weibojlrUOIYD JUSIIND




Current Chromatogramis)

W
w

DADT A, Sig=215,2 Ref=off (HESTERZ2JUNDT3 D)
mAU |

2500
A

17617

2000

56.229

76,608

Group 4
Day 1
Rat 4

0 20 40 60

Ty

DADT B, 51g=280,2 Ref=aff (HES 1ERW2JUND13.0)
maul g

29130

4022
24.038

300

8578

17.587
37.599

[
P
T 31.476
fé 33.955
—
7

6.510
~—=——8.462
14.506

=
[,

e A

[

100

_ B.L




215,2 Ref=off {(HESTER22JUNO14.0))

DADT A, Sig

Current Chromatogram{s)

=
<t E
2 - o
o DN e -
= W
(O alN-
(]
=
Al |l o
osz‘su{_ @
ovg'gzi_
[y -
a wr
zge'gsi :

1
40
=R

AT A

YaR0f 5
e

€9/, 87 ———==]

917'5Z
LTTET ==

20 :
280,2 Ref=off (HESTER22JUND14.D)

g8

DADTB, Sig
-
[T¢]
[an]
~

ilin 3

100 ...,

80

50,

40

1—1|||x|||1|r|||1rw|1||||1:|r|'O III;II_r—["IIéI!TIC!>ITII("3|1110
= o o <o o = 2 g = = g =
28 g8 8§ § -8 28 §&§ 8§ & 8




Current Chromatogram(s)
DAD1 A, Sig=215,2 Ref=off (HESTER\22JUNO015.D)

mAU | 2 . : Group 4
(a2}
2
Day 1
2500 . y
2 Rat 6
~
2000 @ . N
. [as]
h 3 -
e
S
1500 - i
e
1000 e J 2
3 5
«
& 1
500 o ||z — == & — L
M ER 2 &2 t g o
2 s 7 < S - N
01— _ : : : e e ———
| T L B T T T T — T T T T T T T T T Ty T T — - —T T
0 20 40 80 80

100 min

DAD1 B, 8ig=280,2 Ref=off (HESTER\22JUNC15.D)

mAU ]
|3
25004 &
] ¥
1 12
2000 T
]
aoou
]
1000 -
4 ~ o]
] :
o [2)]
500 -1 T2 © o -~ 9
] < = © o
[« - L M oy
] @ ~ - 2
“_ 47.,;7 7 i ;r? ® ,
O g ._ T : .| Rl




Current Chromatogram(s)

DAD1T A, Sig=215,2 Ref=0ff (HESTERZ2JUND15.D)
mAL w =

4
B

]
4]
S
S
I
16.679

2000

8708

| I W T A T

o

[

o
4015

30.433

8.668
== 22,917
25.017
28.4582

52

)]
[awd
<
PR SUR U SN 0 B T DN Y
— 5089

[

=

[ »43.320
L

#70.295

1346622
75.090

il

q

192.803

Group 4

Day 1
Rat 7

T T
0 : 20

f

DAD1 B, Sig=280,2 Ref=off (HESTER\22JUNO16.D)

:._>C“_ =
&

4021

5.093

31.874

1
[sn]
=
[es]
™

34.850
~38.422

miry

40 . 50 S ke BO




Current Chromatogram(s)

DAD1 A, Sig=215,2 Ref=off (HESTER\22JUN017.D) -

mAL | m” Group 4
] bl
i Day 1
2500 - &
- o
] ~ Rat 8
2000 _
3
# 3 @
1 @ i
1500 | @ )
| P
1000 © @
B o N w0
] @ & = ol @
A 3 X 1.?
500 - = o LT e
] 5 28l 88 g 58 2
] 2 i ® 5 » o © S o <
] A fioy b A b 2
1 il L " H _ﬂlr'
0] _ T—T
T |_| T T T T T T A T T H T T . T Y
0 20 40 _ 80 80 100 min
DAD1 B, 8ig=260,2 Ref=off (JESTERZZJUNOT7.D)
mAL M mw _
&
2500 -
1
2000
1 43
| 2
] i
1500
1000 -
] ~ 15
. o I~
- A < “ W
[Te)
500 g 3 o 2 3 9
! K M @ ” M w 9 T
] \E A AL
O.H ) /..i'_?‘ e \,6,7" ..r/v_ __.,/rlels\ :
+Il|'-|4||<\ ﬂ T T T lluﬂ T —T T T T T ek S S — 1|_| -1 T
0 20 40 80 80 109 rmin




Current Chromatogram(s}

DAD1 A, Sig=215,2 Ref=off (HESTER\22.JUN018.D)

Group 4

Day 3
"Rat 1

8L1'6

LT

g1g'sL

AbT 98

_‘wo.v#,m,

8¥9'8E

Z06°PE &
¥ EE —m==r

=
o5t
oesee Gze'lT 2

ZZTBL M
e’

T

90g°e} Ljuw

61472

miny

AQ

DAD1 B, Sig=280,2 Ref=off (HESTER\22JUNG18.0)

L6

§86'pE ﬂmw_
A =
20208 —=——=
¥E98Z

o

.40

20




Current Chromatogram(s)

DADT A, Big=215,2 Ref=off (HESTERZ2JUNO79.D) . , —————
mAU 8 . B Group 4
. ¢ - B
2500 Day 3
Rat 2
-
2006 -
H <t <+
11500 T & B
] T = =
bl 0
s o
._DOOI.“ o b
TR % 2
} Nl e
, 9 | = /w %
500 = o < o~ o &0 o
- a3l 8 |IRE e g3 2 RS
-1 pt ] P P [1e] - = S o 9 <
1 ,§ S = Eﬁ & ~ oS
0 i 1 i f L ot \_\ s S :F%Fﬂ.)l?lllr__h Wuﬂ)l)l - hf . I!l)‘]lllrﬁ_mbhw r___krl.._-
T T T T T T T T | BN B | LA — T T T T T T dllllylﬂll_rlll—lllll...lllqlhl_\fllllr
4] ) 20 40 60 80 100 mirl
BADT B, Sig=280.2 Ref=off (HESTERDZJUNGTE.0)
mAlJ
i
1000 -
800 -\
600 -}
m (7]
[=o]
1 N
1 8
400 = )
o [#)]
] pie =
00 | & g 2| :g
200~ - o : ~ : 9N
] < < 5 08 | 25
I
ol .__F._-ia,rﬁb\cr?
1 N T T T T T T T T T T T T T T T T
L 0 20 49 60 80 100 min




i T GG 08 TR o7 02 0
i L o 1 . . : L o Gy s | 1 L ; . ! . i L - : : .
e B : r
| “, : - TS ~0
| ¥ Al
5 (18 5 ﬁ
£ = A - pog
& oo & N ° ﬂ )
[7¢] o 2 m
& & - 0OF
h -
N [
- =009
R #
. |- 0os
| - 0001
_ [
,_ b
| = pooch
| T
_ L
[ : oot
|
I : ’ nyw
W (arozoNnrezv31 SaH} Jo=fey 2°082=61S 'q 1avyd
VI 0ok 08 09 o 0z ]
e | k _ : —t 0
1 %;lilji«lyﬂﬂll\l]]\_ﬂ“ﬂ"ﬂuﬂ(»f 4 ) &IJ\J\?_ I L
N T 55 TUINAARR IR LS T
P S ! 8 A & O # o ©) g™ o'l -
@ ) h 2 &S b B S _;_ > 2 > a X
_ g 8 © o= g © YR - 00g
! © & q L
I O.U ~ |
w2 =
o N I
~ & | - 0001
e P L
N € L
[
& i
| -
® - 005}
= i
[ -
N i
_, 3 - 0002
€ ey . m :
chkeq | : . - oosz
| : . a
y dnoig “ : 83 W nytw
L ‘ , (T 0ZONNFZZMILSTH) 40=49y 2'612=DIS 'Y 1qvg

(g)weaboleWwoIyD JULIIND



Current Chromatogram(s)

ﬁ

DADT A, Sig=215,2 Ref=off (HESTERI22JUN0Z1.D}

mAU g Group 4
qi
Day 3
2000 Rat 4
1500
Lard
[e2]
&
[=5]
1000
. [+0]
£ S o
= P N
= o
. [y BN
500 @ - w N S B g -
Tl 30082 & m 2 3 2 &
¢ e g P88 2 2 5
Y] = T &
i - N P 8
0 . Ly :F\/P/r Al L 1 A oL e S N y ﬂ]vfﬂ\n
L—|1|‘|‘!_ T =] T T —T T — T T T T T T = 43
0 20 48 60 80 100 min

DAD1 B, Sig=280,2 Ref=off (HESTER\22JUND21.0)

mAU 2
500
400
300 >
]
200+
100 .
0

30.645

=~ 17.000

R 33.233

4
EL

o

;

f‘
f

WAl

-
H
4

0. 20 40 60
-




174

)4

05

08

O

— —- ]
2 5 2 5 3 a g § g %
o . (=)
? lLLiJI Iolll]? IIIC o OIlll?llll?llllcrjll ll l_|__l_l__
)
3-958— o
2]
@ .G~
8952 Ay —————————8:5568
3
o
3
kit
o
=
/:E N
me
m
$2.995 5
2
)
[
[l
=
(o]
N
" 30.973 B 30.972
32.247 -
I
[an]
}56_378
. D b ‘
B (=]
—54.824
_ @ . 79.784
82.383
84.717
o
o
O O
g5 a
— ~ =
Gl w o
: f=

B 'v 1Qvg

(O ZZONNrZZ2WILSTH) 20=19M 2'G12

(g)WexbojewoIy) [U2IIND




current Chromatogram{s)

—

DADT A, Sig=215,2 Ref=off (RESTERZZJUN023 D}

3>c“_ 2

Mmoom_

=
=
L=
L L
9.486

17.709

32.419

4.890

7.571
35275

— T T T

38.975
0.895
44.128
56.122

i{

Group 4

Day 3
Rat b

1

T
a 20

mAU

1400

1200

DAD1 B, Sig=280,2 Ref=off (HESTER\22JUN0D23.D)

M~
o

~
o

~ 32419

‘Zh} 35.342

g

i)

40

80

A

mi

40

80

miry



_:_E 603 08 09 o% 0z 0
: . I . L . N )
‘ -0
=2 L ooz
8 -
[=>]
w M i L
@ i
@ N - 00t
U_.. L
- 009
008
|
£ |oook
& [
L 0oz
L nvw
_ . (@ yZONNrZZWELSIH) go=foY Z'082=01S 'g 1ava
ey 00} 08 08 OF 0z . 0
I T | T T L } — - | 1 a1 L ] i L ! |
1 1. -4 T T D
—— T ! It
e R T ﬁ
[(e] i c - -
3 8 2 1\ gy 2z 4
& (= =2 8 09 © @ =~ o r
B o i o b & - 005
o [%,] c - vv
~ g © & ~ L
-~ - Co L
@ s C
< ﬁooor
- 00S 1
Q002
1 1eY i
£ AeQ L oosz
I
¥ dnoioy & Fnovuw

(C¥EONNrZEwIZLSTH) Jo=oX 2'G1z=018 'Y 1avQ

{s)weIiboreWwoay) 3UDIIND




Current

QEHGimﬁomHmEAmY

DAD1T A, Sig=215,2 Ref=off {

HESTER\Z2JUNO25.D)

[+ #]
mAU G o Group 4
2 Day 3
: 2 Rat 8
o0
— <
$
1 @ o
o Lio]
1 <
] B 5
° &
o
[= o 0
F—
o <
3 o &
> e B S S =g— g o -
[is]
S o |12 Blag 3 58 8§ & 2
= = s 2 J? ©. T 83 & o - e o
._j NS TR L. T, - ST -
= R T ﬂ T T ] ._ H R - T .4 “\ ._‘ ¥ Al
0o . . 20 40 60 80 100 mir}
DADT B, 5ig=280,2 Ref=off (HESTERWSJUNGZ5.0)
3>c¢
600
] o iy
A B
5003 %
! i
4004 /
! 2
300 S 0
] <
1 R N w8 o
200 : 5 o S0
y o o Riise
] & 0 9 3
Il i . [22] o A
- hﬁﬁx\n ; : ?\ Lg
] _ N \= cf{ f
0 B ) ﬁ_, ‘ N /*\/LL Yt rpl.\%fll\l\r}
1 — : — - : —— — — : = : — - . -
0_ 20 40 80 80 100 min




Current Chromatogram{s)

DADT A, Sig=215,2 Ref=off (HEST ERZZIUNGZ6 D)
mAU T~
15 Group 4
~ CH
] Day 5
2000 Rat 1
1
1500 - 2
| 2
1000
1 .
7 LD
1 & - 3 B
. P 8 g
5'90“_J - - o g oo
M~ o = e < oy © @ =
I sl 3 B8 M IV AE S 5 g
] \ =2 \»ﬁ 3 8 3 Z
0 1 ¥ \MM I \l A AN N SN ‘m. An N
" i ' —
| T T T T T T T T F T T T T = T T T L
0 - 20 40 60 80 100 iy
DAD1 B, 5ig=280,2 Ref=clf (HESTER22JUNDZ6 D)
mAU . '
350 %
300 ©
& 3
= ¢] [=2]
250 q
200
b
150 el
] S o
i o s 2B
100 % RIS
i h o
b 3 .
1 @ \ ‘
50 - \{f i R
: ! [\ ‘ -
e ¥ A SV yWIM__L A . |
T T T T T T =N T T T T T — = ¥ T “( T_‘_'_“_r'_“_""_'-‘_'“'__"ﬁ'_"“"_'»
0 20 40, 60._ 80 100

miny



Current Chromatogram(s)
DAD1 A, 8Sig=215,2 Ref=off (HESTER\22JUNQ27.D}

% ,

y <t
mAU ] w Group 4
D
2500 Day 5
|
4
] Rat 2
2000
T o
A &
1500 | Ny 2 ~
4 © — o3 M
1 s 2 P
N : ...Mu
21 8
v I
o~ LD
= -~
Q “_.M =+ @ Mn/_u 3 15 ™~ ﬂ... o
g 0| 582 8 3 8 R g
34 [ o w0 o]
] H Lard =+
My | Mﬂg»/hm\i/ﬂllu._ _.4 %&P}lf
T —T T T T T T = T T T T
40 60 80 150 i
DAD1 B, Sig=280,2 Ref=cff (HESTERZ2JUND27 D)
madd ¥
m 0
2000
1750 3
aoo%
1250
1000 -
7504
1 o
7 o
] [y
500 2 o -
] K i © o > ﬂw o
] o S w 2o o
250 © A g 87 o5
ke L R A s TS
] o i
0 4 i M fL\v _ggz{ k Xblﬂr.»ffl\fl{!l.l
l_l T T 1_‘ — T T l_| Hlll||—l||'l.|1|_lJ|I|1|1‘ u T T A T |
g 20 40 80 80 100 min




_

- g ) B o @ ~ g o = & & 3
o 3 8 3 a3 8 S 8 © ) b 8 8 8 ¢
o —ba il ! 1 L I DPST AT AV Bl AV AR et L Leovvoo | Lo T
) &)
- E ; =2-000
| ﬁ _m ﬁ
=6.087 © 889 .
l%/—:?—ﬂ.a% 5 6.899
J N
o
o R o
' &
- - Tf' p
;;**::-——?—-16.421 S M.S?Q
% 18.790 T .
B-{ % gg_
e — 92,330 o
*‘%st.szm § |
F
I3~ 26,798 c
| S 28,540 %
e 30.585 @ 1
31954 o
37.023
39.026
& 5
g 24 |
4
i
2 @ ,{:«79.800
; L 82,389
| - 84737
i ‘
87 =
X O o
JtH] 14] -3
. - <2
L ) 1 Sl o
: I

G

B1g v 1Qva

(T 92ONNIZ2Y I LSTIH) HO=JoN Z'G1LZ

(s)weibojrPwoIyl JUSIIND




current Chromatogram(s) :
DAD1 A, Sig=215,2 Ref=off AImm._.mm/wm._CZoww.U.v

mAU m " Group 4
: o Day 5
A at 4
2000 | . Rat
.
[e)]
xQ
1500
+ 3
o
i
% [1]
1000 -
i N ,
<D L
7." w I
e w
o w
500 - ?9 g 0
= ..I .
I~ € < =+ =r . o o
£ glEe 5 s 2
Tl D S DU . S
Olr
T —T T —T |_|. T S e H
0 20 40 60 BO - 100 miny
DAD1 B, 5ig=280,2 Ref=off (HESTER\2ZJUN029.0)
mAU A
1
- P~
400 ~
1 &
7 (5]
- [=}]
[=e]
1 &
300

306.655

ha
(=g
o
por a1
5.283
16.422
=~ 32685
34.746

—==-35.846

100 ~

5.006

2

] :s 55
. Ffi”“_’
=
!
[[;
Em%.ﬁ%
1 =
(=
l]f;:::-saam

80 100 . min|




T 001 . j : B
_ Ll 1 D_w D_m ot O_.v 1 f I O_.N f 1 L Or ’
: y PRVEyiRe 0 .

[ s W
W N @ 4]
n & - o -
eh L3 g B
S g R g "
=g 3 - 009
2 L
ﬂ\b b
- 000 L
005k
ﬁooou
# |
St nvw
(Q'08ONNIrgTaLS3H) Jo=jed Z'082=51S 'g Lavd
i 00} 08 08 ov 0c . 0
bk 1 1 .M t 1 1 1 L ! ) i .
g M L v —r kT g
Tt = T e T T3 T
ﬁll%FJAﬁHUQTJ}ﬁﬂL. Py 1
& 5 &5 b5y Wkl A AN [ANY BN [
B~ h e N zae @ o 21 i o B2 i
i T F e ey gllinesE \B ggla W |
) 3 2 = @ — 005
o .7 o
) , = r
D
e i
) - 000l -
N i
i< N -
2 s ]
® it —00S}
- [£a]
2 o = g
.~ Py -
3 - 0002
G led i
G Aeg M _ 0osz
dno S .
14 9 2 [ nvw

(T 0EONNrZRHALSTH) go=oy 2'612=015 'v Lava

(s)weIbolBWOIY) JUDIIND



Current Chromatogram(s)

DADT A, Sig=215,2 Ref=0ff (HESTERZ2JUNO31.0)
mAU | & . ~ Group 4
25004 T : : Day 5
] Rat 6
2000 -
1 [2)]
d [vs]
. (=]
b &
1500
i
M 2 2 =
] N @ 0
1000 ~ =
. 3
e 2 ]
so0] |15 B ‘ B 5 f
1 <+ & o @ o o™
1M le g NEgls slilg & ces 3
- WIS 8 le ghe f £ 8 5389 &
4 = ow e - < © e
0 1 LY | ki Ifg._q ¥ ?&(’)_.Pmr{«m ~ md. . | \\l\./rtjl]’
_ T T T 7 T T - _ II—I-.-|| T T H T T 7 T L T — T T
0 20 40 80 : 80 100 fnin
DADT B, 5ig=280,2 Ref=off (HESTERZ2JUNG31.0) o
mAU -
CoA L:
| %
soo4 T
’ (o]
600 ~ 8
| o
(o]
400 - ©
1 @
i
| )
| 0 4 o 5]
- o o O .
200 7o) @ @
P~ e ~ [)
- [ [aF] H fos] ]
g 3] o / ~N ’ >
~ - h ‘& . Al
0- ﬁ ;L NN N
L 0 ) 20 40 60 80 _ 100 . * min]




Current Chromatogram(s)
DAD1 A, Sig=215,2 Ref=off (HESTER\22JUN032 [m)}

mAU P
E’?’S Group 4
' q
2500 Day 5
Rat7
2000
1500
] o
o€
4 2 =
1000 — o~ _(l': =
1 & \ < &
3 . o
: ~ ™ ©
500 2 9 g &
- . ITe S 2 v =4 o
] 8|S & )?-‘i Efﬁ&’ REig 3 & &
J s .
0 | \_I . y Y e P e s J\_,\__,__,_-_—\._,——JJ&(“-—A—-M
i T T . T = ‘_ T I S — T \ T T ) \ T T T \ — T T T ] T ]
0 20 40 B0 80 100 min
DAD1 B, Sig=280,2 Ref=off (HESTER\Z2JLINO32.D)
mAL 1 B
2500 1]
]
2000
i
1500
1000
4
) o
0¢ | S
500 a
| o - i a
4 ?:\‘ ~ I :
d o 2; ’E o
A L vy \;‘—\,J_/Nir(h;rﬂl_}\___/\‘
Q- "
-_'-__‘__"__fi T | T T J i B T T ; T T T —T ‘ T T
0 20 . 40

i

60. - 80 o 160 : MmHoY:



Current Chromatogram(s)
] DAD1 A, Sig=215,2__ Ref=off (HESTER\22JUN033.D)

AL
;500 3

099

Group 4
Day 5

2000 Rat8

1500

31.055

1000

=3280
=== 17.471
23.526
564 32.418

500

7
29.307
35.293
8.945

T ST O ST BTSN S S S S &

> 20,102
79.716

> 25,
3
54.754
84.664

[=]
-

T

i

J

T T T T T — T ]—_f T
20

T
0 - 40 60 80 . 100.
DAD1 B, Sig=280,2 Ref=off (HESTER\22JUN033.D)

min

23543

~

=)

]

IR A
L B e X1
et

)
]
S
EWE AR
3208
e 31.056
32.417

5.168

e 35,305

40 o 80 80 : 100 | min




Appendix C

Appenix C: Standards

Hippuric acid
B-casomorphin

B-casomorphin, fragment 1-5
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Current Chromatogram(s)

¢

DAD1 A, Sig=215,2 Ref=off (HESTER\I 1AUGO04.D)
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