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Abstract

Human milk contains ~ 25 pg/mL of soluble clustedifferentiation 14 (sCD14)
protein, a pattern recognition receptor (PRR) thggers the innate immune system to
respond to bacterial lipopolysaccharide (LPS). @tedthe role of CD14 in the digestive
tract of breast fed infants has not been well dtarezed and is the subject of this thesis.

To investigate the biodistribution of proteins sashCD14n vivo, a novel method for
14C radiolabeling of proteins to high specific raditieity was developed usirig vacuo
methylation. Bovine serum albumin (BSA) and casegne used as test proteins to
determine the following: 1) The efficacy of timevacuoradiolabeling procedure;
2) The extent of incorporation of th&C-label into the organs of oro-gastric gavageddy d
old Sprague Dawley rats*C]BSA, [““C]casein and*fC]CD14 were prepared with specific
radioactivities of 10 400, 10 800 and 163 000 dmgmrpspectively. After feeding 6.25 g of
“C-labeled proteins, quantifiable levels'dE were found in the stomach, jejunum,
duodenum, ileum, large intestine, intestinal lurhfheshes, blood, liver, spleen and kidneys
of rats. The accumulation of radiolabel in the mgjaf [“C]CD14 fed rats was temporally
and spatially distinct fronT{C]BSA and {“C]casein. Most notably, the label persisted in the
stomach 480 min post-gavage.

To design a neonate animal model for biodistribuyttbe segmental and total
gastrointestinal transit times (Gltt) were measunetvo litters of 10 and 15 day old
Sprague Dawley rat pups using barium sulfate. Tgnaodd rat pups that remained with and

without the dam had a total gastrointestinal triainsie of 13.8 + 0.9 hr and 9.3 £ 0.7 hr,



respectively. This decreage<(Q.05) in total gastrointestinal transit time i thibsence of the
dam was age-dependent, as it was not obseps&d(5) in the 15 day old rat pup litter.

The immunological impact of an exogenous sCD14@dwas examined in human
peripheral blood mononuclear cells (PBMC). Prettremt of CD14 monocytes with
sCD14 had a protective effect, one of reducingptiogluction of proinflammatory cytokines
(TNF-a, IL-6, IL-8, IL-1B) when challenged with LPS.

4C was absorbed by neonate rats upon ingestiori@fGD14 and exposure to
relatively high concentrations of rCD14 led to duetion in inflammation. This may be

beneficial to initial gut colonization in breasdfeaewborns.
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Chapter 1

Introduction

1-1 Gastrointestinal development
Gut immunology

Mammalians have a multilayer immune system necgs$sarotect the body from
infection. The two arms of the immune system aeditihhate (nonspecific) and the adaptive
(acquired, specific) systems. The innate immunéeesgyss the first form of defense against
invading pathogens, viruses or parasites. The neajmponents of this system are surface
barriers (epithelial cells), dendritic cells (DCsdJuble factors and professional phagocytes
(macrophages and granulocytes) [1]. Innate recgpémognize conserved structural
features of microorganisms called pathogen-as®utiablecular patterns (PAMPs) and
microbe-associated molecular patterns (MAMPS). Eplamof these conserved structures
include lipopolysaccharide (LPS), peptidoglycan KBQipoarabinomannan (LAM),
lipoteichoic acid (LTA) and lipoproteins [2-4]. Teeinnate structures are recognized by
pattern recognition receptors (PRRs) synthesizellosy cells. Cluster of differentiation 14
(CD14) protein is a well characterized PRR capablecognizing several pathogen-related
molecules [5] and phospholipids [6-8].

CD14 is expressed on the surface of mature monsaytacrophages and neutrophils
[9-12]. There are two forms of CD14: membrane-bo(m@D14) and soluble CD14
(sCD14). mCD14 is a 55 kDa glycoprotein with a giyglphosphatidylinositol

(GPI)-linkage that anchors the protein to the oateface of the plasma membrane. The



soluble form is secreted and present in the setwareentrations of 2-6 pg/mL [13]. The
primary CD14 ligand is LPS found on the surfac&adm negative bacteria. LPS has three
domains that include the outer O-antigen, a hydiiggbolysaccharide inner core and
hydrophobic lipid A (endotoxin).

Since CD14 does not contain an intracellular siggadomain, it requires Toll-like
receptor 4 (TLR4) and myeloid differentiation piatg (MD-2) complexes to stimulate an
intracellular signaling cascade. This has beenraxeatally determined using LPS
hyporesponsive mice which show specific mutationthe TLR4 gene [14-16].
LPS-binding protein (LBP) enhances CD14 affinity &S by an order of magnitude and
LBP’s expression can be further enhanced durirgciidn [17]. CD14 shuttles LPS to
MD-2 and TLR4 with the aid of LBP to drive gene sgsion and the upregulation of
proinflammatory cytokines [18-20] as seen in Figuj@1]. Upon binding, CD14/LPS
complexes with TLR4 and/or TLR2 and the intracaliubrgets of MyD88 and
IRAK1/IRAK4 are recruited. This leads to the activa of transcription factors such as
AP-1 and NF«B [18]. Cytokines such as ILB]IL-6, IL-8 and TNFe are typically

produced in an innate response.

CD14 heightens the responsiveness of the innateimaraystem during the invasion of
pathogenic microorganisms [5, 11, 22-25]. Overskation of the CD14 pathways,
especially in the presence of excess LPS can tetieetoverproduction of cytokines
(i.e. TNF-) and septic shock. For example, transgenic mipeessing human CD14 are
hypersensitive to LPS [26] because CD14 can défeStat concentrations as low as
0.01-1 ng/mL [27]. In contrast, CD14 knockout méce insensitive to LPS and become

resistant to septic shock [28, 29].



Apoptosis

Figure 1. Signaling pathway of CD14 protein

CD14 recognizes Gram negative bacterial LPS, Grasitipe PGN, LTA and BLP and
mycobacterial LAM [2]. CD14 macrophages can remove apoptotic cells via trectien

of yeast zymosan (a CD14-independent proinflammgagthmulus) [20, 30]. CD14 binds
with TLR2, or CD14 can form a complex with TLR4 a¥id-2, which recruits MyD88 and
IRAK1/IRAK4. This activates the transcription fact®P-1 which results in the activation
of NF«B to elicit regulatory responses including the gpitation of proinflammatory
cytokines, such as ILEL IL-6, IL-8, TNF-u. The figure was adapted from Finlay and
Hancock [21].

Legend: CD14, cluster of differentiation 14; LPipppolysaccharide; PGN, peptidoglycan;
LTA, lipoteichoic acid; BLP, bacterial lipoproteibAM, lipoarabinomannan; TLR4, Toll-
like receptor 4; MD-2, myeloid differentiation pent 2; MyD88, myeloid differentiation
factor 88; IRAK1/4, interleukin-1/4 receptor-assied kinase; NkB, nuclear factokB.



Mechanistically, CD14 transfers LPS to TLR4 and M@sund at the surface of
receptor cells. Using surface plasmon resonaneaaties of association/dissociation of LPS
binding to CD14, TLR4 and MD-2 have been estim§8&j. The association rate constant
(Kon) for LPS to MD-2 was 5.61 x 201s™, while their dissociation rate constantK
was 1.28 x 18 s* [30]. It was suggested that LPS had a slow asosiand fast
dissociation with MD-2. The dissociation constaotsLPS to CD14 and MD-2 are 8.7 uM
and 2.3 uM, respectively. It has been demonstiateiro andin vivo that low
concentrations of LBP can enhance the respons® $fdioactivity, while high

concentrations of LBP inhibit LPS activity [31].

The crystal structure of CD14 [32, 33] revealeesbshoe shaped dimer that forms a
large hydrophobic pocket at the N-terminal regibthe protein (Figure 2) and is thought to
be responsible for LPS binding. CD14 has broadtigspecificity for PAMPs [34]. This
ligand binding diversity may be explained strucliyrhy the large N-terminal pocket size,

flexible pocket rim and multiple grooves availabig¢he pocket for ligand binding [33].

Soluble CD14 (sCD14) is found at a concentratio@ig/mL in human milk
compared with ug/mL in human serum [35]. IBos taurusneutrophils increase the sCD14
concentration when the udders were injected with 1§ of LPS [36]. For this reason, it has
been speculated that sSCD14 in breastmilk aidsrthat€ immune system of the feeding
infant from invading bacteria during early gasttestinal colonization. However, due to the
presence of proteolytic enzymes available in thedrudigestive system, it is believed that
CD14 is completely degraded within the Gl trachds been observed that breast fed
newborns had trace quantities of CD14 in theirdeaned urine suggesting either complete

digestion or tissue absorption [35].
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Figure 2. Secondary structure and crystal structureof mouse CD14

A) Alignment of mouse, human, rabbit, and bovinel@DThe assignment of secondary
structure is shown above the sequences. * denoetggddsylation sites and yellow lines
show the cysteines that form disulfide bridges.nm@eawriting shows the residues on the rim
of the NH-terminal, red writing shows residues on the walld base of the main pocket
and purple writing shows residues on the sub-poék®&tR4 enclosed in blue boxes indicate
LPS-binding regions. T1-T3 enclosed by green bakesv residues important for LPS
signaling.

B) Crystal structure of mouse CD14 dimer (mononsé®wvn in grey and cyan). Orange
circles show disulfide bridges and the Nidrminal pockets are indicated by arrows [31].



Microbial colonization

The human gastrointestinal (Gl) tract contains A4 trillion bacteria, and the
dynamics of this microbial ecology are believedhéwe a direct impact on long term health
of the host [37]. Beneficial commensal microorgargsnay positively influence
metabolism, control obesity and help maintain hostesis, while pathogenic species
disrupt homeostasis and cause disease. The metisdioisregulating a homeostatic
population within the gut are relatively unknowmce it has been shown that diet can
manipulate the microflora in the Gl tract, CD14-tning human milk may play a
significant role in gut colonization of newborns.

The innate immune system helps control the coldiozaf bacteria in the Gl tract. For
instance, mucus secreting goblet cells are resplenfsir the production of mucins, which
form a physical matrix barrier to limit the intetmn of pathogenic microorganisms with the
gut epithelium [38]. Paneth cells, found within #pecialized stem cells at the base of the
crypts of Lieberkihn in the small intestine, progl@antimicrobial peptides and lysozyme.
They have been shown to directly sense enteriebhadhrough MyD88-dependent TLR
activation [37]. Paneth cells can limit bacteriahptration in the intestinal epithelium by
activating this pathway to produce antimicrobiaitéas such as lysozyme, Rgg3
a-defensin and secretory phospholipas¢38]. These substances aid in minimizing
unwanted microbial colonization that may causelirtsuthe stem cells. This ability of
Paneth cells helps to limit the number of bactdvé can localize on the epithelium and
therefore inhibits the translocation of bacterigh® mesenteric lymph nodes (MLN)

through the intervention of dendritic cells (DC).



Commensal microorganisms are capable of inhibpadpogenic organisms from
colonizing in the gastrointestinal tract througbgurcing antimicrobial substances and
creating undesirable environments for pathogeroevtir. In conditions where pathogenic
organisms reach sufficiently high populations, stons experienced by the host may
include diarrhea and inflammation. To help maintsymbiotic population, the gut's
innate immune system integrates a number of pathveayls and immunological factors to
help maintain homeostasis. It has been suggestethtestinal microorganisms drive gene
expression in the host epithelium by signalingeoegically predisposed cells [40]. There
have been data to support the beneficial use diiguios in the diet such asactobacilli,
BifidobacteriumandSaccharomyces boulardor conditions such as necrotizing
enterocolitis (NEC), gastroenteritis, ulcerativéite(UC) and Inflammatory Bowel Disease
(IBD) [41]. Some probiotic bacteria have also bemzognized in modulating Gl health such
as diarrhea and lactose intolerance [42].

Gut microbial populations established along theensystem are actively involved in
health and metabolism. In some segments, theynaodved in the fermentation of
nondigestible dietary fibers, resistant starchesaigosaccharides as well as anaerobically
metabolizing peptides and proteins. Commensalbiaransform conjugated bile acids,
degrade oxalate-based complexes and synthesimsingsuch as B12 and K [43]. Certain
microbiomes are capable of modulating dietary heddte to their anticarcinogenic nature
and can lead to lower levels of cholesterol inilomd [42]. Therefore, some consider the
gut microbiota to be an ‘exteriorized organ’ whailds in homeostasis in @&x situmode

rather thann vivo [43].



Intestinal microorganisms are also important intcahing body mass. Studies
conducted using germ-free mice and mice homozyfmus mutation in the leptin gene,
produced an obese phenotype. When the gut miceoflere transplanted from obese mice
to lean mice, the lean mice developed the obesegiyyee. It was also observed that the
obese intestinal microflora had an increased capticharvest energy from the diet [44].
Shotgun sequencing and metagenomic analysis reveelean mice showed an increase
in gut bacteria from the phylum Bacteroidetes imparison with Firmicutes. This ratio was
attributed exclusively to weight loss and not tat@aloric intake.

Since gut microflora play a role in maintaining reoatasis and health, it is important to
understand how the Gl tract is first colonizedhds been observed that the diet of newborns
influences the microbial populations that colortize Gl tract. For infants that are both
vaginally born and breast feBifidobacterium, StreptococcasdLactobacilliare
characteristically found as early colonizers ofglné Children who are delivered by
Caesarean-section and who are formula fed havgh@hcommensal population of
Escherichia coli, ClostridimndStaphylococcuswvhich are bacteria that can become
pathogenid45]. Therefore the presence of CD14 in human mudkich alerts the immune
system to Gram negative bacteria, suggests anrot®dulating the early events of gut

colonization in infants.

1-2 Gastrointestinal diseases

Gastrointestinal diseases such as Crohn’s dis€3eand ulcerative colitis (UC), are

classified as Inflammatory Bowel diseases (IBDud8#s conducted comparing CD, UC and



normal patients, showed that CD patients had afiignt increase in their CD14

expressing macrophage population [46]. This subladipn of macrophages was
responsible for increased secretion of TNFEL-6 and IL-23 in comparison to macrophages
isolated from normal patients. Therefore, CD14 egped on the surface of phagocytic cells
in blood, suggests a broader role in the pathogeonéBD.

Necrotizing enterocolitis (NEC) is a form of I1BDathafflicts very low birth weight
neonates, especially infants that are born pre:tBieC is a multi-factorial disease whose
underlying etiology remains elusive, although baateolonization of the gut, formula
feeding, and perinatal stress have been implicatqultative risk factors [47]. Symptoms
include necrosis and chronic inflammation of thevbband are associated with considerable
mortality and morbidity. Prematurity in combinatiaith prolonged inflammation are the
primary risk factors in the pathogenesis of NE@nkature infants are susceptible to NEC
due to the incomplete development of the Gl trachiding decreased blood flow, reduced
gastric acid and mucus production, poor intestimatility, low levels of secretory
immunoglobulin A and decreased proteolytic enzycteridy [47]. Under these limitations
the infant is generally unable to respond approggao invading microorganisms.

It has been observed that 90% of NEC patients feerenfant formula without the
accompaniment of breast milk [38]. This suggesas tineast milk may have some protective
factors that are presumed to reduce the incidehB=G. These elements include lysozyme,
lactoferrin, polymeric immunoglobulin A (IgA) andigosaccharides as well as tumor
necrosis factor (TNF) receptor, acetylhydrolase lanrtl receptor antagonist [47]. Breast fed
infants also show a microbiota that is rich indfbacteria and whose proliferative

advantage in the infant gut may reduce the incidefidNEC [48].



Gastrointestinal transit

The mechanisms that control the development ofrtmmalian digestive system reveal
a dynamic process. The course of early gut devedoprmderpins long-term health [49]
and the role of maternal milk, with its multitudebdoactives, significantly influences this
development [38]. Effects of environmental compdseich as diet are possible to study in
offspring reared with the mother (maintenance nm&)dmhd those reared in the absence of
the mother (substitution model) [50]. For instanoaternal separation and social isolation
experiments using rhesus monkeys, while causingfsignt physiological changes in the
mother, also influence concomitant changes in thesipal and behavioral development of
the infants [51]. Infant monkeys (207-208 days) destrated a measurable increase in
frustration and aggression when separated from thethers. Furthermore, the infant

monkeys displayed a decrease in play, indicativdisifess [52].

In Wistar rats, psychological stress influencedgastrointestinal transit time (Gltt) by
causing observable increases in stomach emptyireg ndts were exposed to the
experimental stressor of water [53]. In additidre use of a substitution model, where the
pups were separated from the dam, artificiallyedand fed milk substitutes, invoked
abnormal growth in the gastrointestinal tract ¢$ [&4-56]. This thesis, therefore, sets out
to examine two variables, maternal deprivation dietl (maternal milkversusformula), to

investigate their combined influence on Gltt in gguats.

Total gastrointestinal transit time is the timguieed for newly ingested material to
transit through the Gl tract and be excreted frbenanus. There is considerable interest in
understanding the transit time of experimental atsymot only for nutritional research but

also for the design of pharmacokinetic studies.[BVith increasing attention being given to

10



innate immune milk proteins, such as CD14, anddtheslopment of the neonatal gut, a
suitable animal model is required to study the kgptaf milk, dietary proteins and drugs
[35, 58, 59]. This depends on measurement of tréng where the stage of gut
development is largely age-dependent [60]. It id@wvt that the very early days of building
the mother-baby dyad, one to ten days after bisttritical for the establishment of gut
health [48]. Administration protocols may becomeeninformed’ the more precise

understanding of motility becomes.

Various methodologies for determining Gl transitéihave been devised. Radiocontrast
tracers or markers fed to animals such as baridfatsallow for segmental transit time
determination by using timed x-rays [61-64]. Carenied and Poly R-478 dyes [53, 65, 66],
fluorescent compounds, radiotracers [67-69] andocizd [70-76] facilitate the
determination of total Gltt. Additionally, hydrogémeath testing can measure the time that
an orally ingested non-absorbable carbohydratestitkeeach the site of microbial
concentration through measurement of gaseous prodbtitermentation, and thus, allow for

determination of gastrocecal transit time [53].

Stress, gut development, age, diet and the useestlzetics can influence Gltt in
experimental animals [53, 60, 76]. Anestheticshsas isoflurane, permit surgical
placement of catheters and enable easier gavadede&iowever, the use of isoflurane also
causes a reduction in total transit time in ratsgdemarker of activated charcoal [76].
Maternal deprivation may be an additional factéluencing Gltt in young rats since her
presence provides nutritional requirements, thereglation and tactile stimulation.
Therefore, the consideration of maternal presenest tre taken into account when studying

Gltt.

11



1-3 Tracking bioactives in the gut

The pharmaceutical industry routinely performs ¢dyiand absorption, distribution,
metabolism, excretion (ADME) studies when develgpiew drugs. These studies use
4C-labeled drugs to analyze transit, dissolution apigike of the drug in the gastrointestinal
tract. The preparation 6fC-labeled proteins of sufficiently high specifidi@activity for
ADME studies has not been economically feasible.tiis reason?? and**!j labeling of
proteins [77] has been used for tracing the biabigtion of fed proteins in the organs of
animals. The major advantages of usiftgor **Yi are its high specific radioactivity and
ease of detection and quantification. Radioiodmea &igh energy gamma emitter, however,
increases the complexity of experimental procedbeesiuse added precautions are required
[78]. Another disadvantage is the relatively shatf-life of radioiodine ¥4 - 8 days;

129 - 60 days) which does not permit long-term sterafjsamples or the labeled protein for
repetition of experiments.

The advantages of usifitC-labeled proteins for ADME studies are the lont-ife
(5730 years), which would extend the experimeifigtime of a single labeled preparation
of protein, and the negligible radiation hazardwéwer, very few“C-labeled proteins are
available from commercial sources and the relatihgh cost and low specific activity
limit their use in biodistribution studies. The moemmon method for radiolabeling
proteins with*“C is by reductive methylation of amino groups ugiig]formaldehyde [79].
Labeling of proteins with’C by reductive methylation is inefficient under aqus

conditions because the presence of water limitatheunt of Schiff base that can be formed
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by reaction with {*C]formaldehyde, thus greatly decreasing the amofiiC-label
incorporated into the protein [79]. This is esplgiaue for the labeling of small amounts of
protein where practicality requires the use oféargmounts of water relative to the amount
of protein.

Taralp and Kaplan [80] developed a method for tle¢hylation of lyophilized proteins
in vacuousing methyl iodide. This anhydrous methylatioacten is performed in the
absence of water and therefore improves the efitgi®f protein methylation by limiting
uncontrolled side reactions’C]Methyl iodide is currently available with specifi
radioactivities of 40 - 60 mCi/mmol (Perkin EIm&valtham, USA) and the methylation
reaction can be performed with undilutédO]methyl iodide as delivered by the
radiochemical supplier. The ability to methylatetgins using undiluted{C]methyl iodide
makes it possible to prepaf€-labeled proteins of much higher specific radimégtthan
currently available. There are generally more taageno acids and imidazole groups
available for labeling with*fC]methyl iodide than phenolic groups for labelinighw
radioiodine. The increased number of target amaidsafor labeling makes it possible to
partially compensate for the high specific radioaist of the radioiodine.

Methyl iodide is an electrophile that can add anéhtee methyl groups onto amino
groups on proteins, primarily the epsilon lysindrasrgroup [80]. The low efficiency of the
reductive methylation reaction usingg]formaldehyde is due to the presence of water
which greatly reduces the amount of Schiff basméat (Figure 3) and therefore the number
of **C-methyl groups incorporated into the protein. dmtcastin vacuomethylation
(Figure 4) is performed in the absence of waterra/tiee losses df'C label due to side

reactions under anhydrous conditions are minimikedier vacuum, virtually all the
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4C-methyl label can be incorporated. Methyl estars@so be produced during the reaction
due to the presence of carboxyl groups. Howevesdimethyl esters are labile and are
readily hydrolysed by resuspension in water atlad&gH (see methods in Chapter 3).

NMR has demonstrated thatvacuomethylation of proteins produces trimethylated
amino and dimethylated imidazole groups [80]. Mwstteins contain a large number of free
amino groups and since three methyl groups arepoecated into each amino group, a high
specific radioactivity can be obtained with smalhqtities of-“C reagent. The covalent
bonds forming the trimethylamino and dimethylamgnoups are highly stable to both

chemical and enzymatic degradation.
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Figure 3. Reductive methylation reaction of amino groups in poteins using
[**C]formaldehyde
An amino group in the protein reacts witfi(]formaldehyde to form a Schiff base.
Addition of borohydride reduces the Schiff baséoton a methyl derivative. This reaction
can be repeated to form a dimethyl amino group.[80]
HI YCH; HI L4cH,
/
R—NH, + 'CHyl JN RN ;4’2 R—=N_
CH; *CH;
3 ll“CHgl
14CH3
| +14
R— Il\I—CH3 + HI
CH;,

Figure 4. Trimethylation of amino groups on proteins using méhyl iodide
An amino group in the protein reaatsvacuowith [*“C]methyl iodide to form a methyl

derivative. This reaction is repeated to form enéthyl derivative [81].
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1-4 Objectives & rationale

Objective 1: Develop an appropriate neonate ratehitadirace radiolabeled proteins.
This study aims to investigate maternal influenesdtt in neonatal rats by developing a
non-invasive gavage feeding method without the rieednesthetics. Therefore, 10 and
15 day old Sprague Dawley rats were gavage fedifmesulfate and their Gltt was tracked
using timed x-rays. The rationale was to desigeféective rat model to determine if

neonate rats can remain with their mothers fodilmation of ADME studies.

Objective 2: Determine whether proteins can belé&beconomicallyn vacuowith
[**C]methyl iodide to a sufficiently high specific iadctivity to be used in ADME studies.
BSA and casein were used as test proteins to diekethe efficacy of radiolabeling using

the method described by Taralp and Kaplan [80].

Objective 3: Monitor the biodistribution of oro-ges gavaged f'C]CD14 through the
gastrointestinal tract of neonate rats. Previoukwas shown that CD14 was not found in
the feces of breast fed infants, therefore themate for this experiment was to determine

the fate of CD14 using a neonate rat model.

Objective 4: To determine if sSCD14 would alter greduction of cytokine by
LPS-stimulated human peripheral blood mononucleis ¢(PBMC). The rationale was to
investigate if exogenous sources of CD14 (includinman milk) would lessen the severity

of an innate inflammatory response when monocytestimulated with LPS.
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Chapter 2

Gastrointestinal transit in Sprague Dawley rats

2-1 Summary
The segmental and total gastrointestinal transiesi (Gltt) were measured in two

different litters of 10 and 15 day old Sprague Deyiat pups using barium sulfate. By
tracking the leading front of the bolus on radigurs, the gastroduodenal and gastrocecal
transit times in the pups were estimated. The gdstdenal times for all pups € 21) were
less than 0.17 hr. The gastrocecal times for 10oithpups maintained with their dam
(n=5) ranged from 4 to 5 hr. When five pups from $ame litter were removed from the
dam, their gastrocecal times ranged from 2.5 ta &ar the litter of 15 day old rat pups,
when maintained with their dam € 6), the gastrocecal times ranged from 4 to @hiday
old pups without their mothen & 5) presented gastrocecal times ranging front85hr.

To measure the total gastrointestinal transit titie duration from oro-gastric gavage
until an observable defecation of the barium salfatrker was recorded. Ten day old rat
pups that remained with the dam had a total gaasiinal transit time of 13.8 £ 0.9 hr.
Those pups that were kept in the absence of thehdaha time of 9.3 £ 0.7 hr. This
decreasep<0.05) in total gastrointestinal transit time i thbsence of the dam was
age-dependent, as it was not obserge® 05) in the 15 day old rat pup litter. The Glitt o
15 day old rats was significantly longgx(Q.05) than in 10 day old pups. The results
provide a basis, for the design of future studme®lving neonate rat metabolism, to include
maternal presence and this information was usedbasis for determining experimental

sampling times in all subsequent experiments dasdrin Chapter 3.
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2-2 Materials and methods
Materials

Liquid Polibar Plus barium sulfate suspension (5884 was kindly supplied by the
Children’s Hospital of Eastern Ontario. Syringeg¢®n Dickinson & Co, Franklin Lakes,
USA) with polyethylene-10 tubing (Fisher Scientif@ttawa, Canada) were used for
oro-gastric gavage feeding. A Hitachi mobile x-tayt (Model DGC-1010 set at 34 kv,
2mAs exposure) was used to capture images. TheamwatBic Pierce CL-XPosure film
was purchased from Fisher Scientific, Ottawa Canlddamal saline (Baxter, Mississauga,
Canada) was used for subcutaneous injections fotkeeanimals hydrated. Commercial,
store purchased Enfamil A+ infant formula (Meadrkwn Nutritionals, Ottawa, Canada)

was used to feed maternally deprived infant rats.

Gastrointestinal imaging

Studies were conducted in accordance with the Usityeof Ottawa’s Animal Care &
Veterinary Service, approved by Ottawa HospitaledResh Ethics Board, BMI-77. Ten day
old (n=10) and 15 day olth(= 11) Sprague Dawley rat pups (Charles River, 8hstant,
Canada) weighing 19 - 28 g (10 day old rats, 233161 g; 15 day old rats, 27.40 £ 1.00 g)
were placed into an Armstrong Envirocare Incub@ttodel 190ASC) at 37°C and fasted
for 2 hr to empty the stomach cavity [60]. Seleg@n50% older rat litter with an average
weight 27% greater than that of ten day old animas used as a comparator. All pups
were gavage fed 250pL of barium sulfate that wapended in ddp®d (1:1, v/v). Briefly,
the barium sulfate suspension was loaded into & $ymnnge with needle and inserted in the

end of a 20 cm length of polyethylene tubing. Téregth between the oral cavity and the
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stomach of each rat was measured and used to healértgth of the tubing required to
enter the stomach. The tubing was lubricated witlenal oil before insertion in the
esophageal cavity. The tube was inserted untilutbe marking was reached and a 250 pL
bolus of barium sulfate suspension was administetedhe stomach. Upon delivery of
barium sulfate, the tube was gently removed angbtipewas returned to its cage.

Rats were individually identified and divided irtt@o groups: maintained in a cage with
their mother, or placed in an incubator without thather (substitution). For x-ray
radiography, animals were placed into a cardboalditg grid with individual stalls to
ensure serial tracking of bolus movement. X-rayagidphs were taken at 10, 20 and
30 min, followed by subsequent exposures every BQtimereafter. At 4 hr, images were
captured every hour for the duration of the expentnThe pups separated from their
mother were handled at hourly intervals by weighang feeding 1 mL of Enfamil Ainfant
formula to sustain their blood sugar levels betw2&uand 7.4 mmol/L (OneTouch Ultra 2
blood glucose monitoring system, LifeScan Inc.,n¥am & Johnson Inc., Milpitas, USA).

In addition, to maintain the hydration status opguenough saline solution was injected
subcutaneously to maintain weight throughout thesm of the experiment.

For the present investigation, the gastroduodgaatrocecal and gastrointestinal transit
times were defined as the duration for the leaduhge of the barium sulfate to enter the
duodenum, cecum and exit the anus, respectivehayXadiographic images were analyzed
to determine these time points and representati@mples of images depicting
gastroduodenal, gastrocecal and gastrorectal @mgepresented in Figure 5. Gastroduodenal
and gastrocecal times were reported as a rangal. Jagtrointestinal transit times were

reported as the mean * the standard error of tte(®®EM). Statistical analysis was
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performed as a studetitest wherg<0.05 was considered statistically significant.

(See Appendix A,B for all x-ray images from indival animals.)
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Figure 5. Barium sulfate radiocontrast imaging of the gastrontestinal tract in a 10 day
old Sprague Dawley rat pup using x-radiography
a) The white arrow in the gastroduodenal transaagenshows the leading edge of barium
sulfate entering the duodenum from the stomach.

b) The black arrow in the gastrocecal transit ieneglicates the direction of barium sulfate
movement as it entered the cecum; the two whitenarindicate the leading edge of barium
sulfate.

c) The gastrorectal image shows the barium sutiateentrated at the anal sphincter before
being excreted by the rat. Anatomy of rat Gl tnaas adapted from DeSesso and Jacobson

[81].
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2-3 Results
Gastroduodenal and gastrocecal transit time

The gastroduodenal and gastrocecal transit times georded as ranges (Table 1).
Given the logistics of handling and radiographidg&t pups, the first feasible time point to
image the barium sulfate suspension was ten mimotieshe experiment (0.17 hr). By that
time, the leading edge of the bolus had enteredtloeenum in all the animals, regardless
of age or maternal presence. The gastrocecal om&Ofday old pups with their dam and
without their dam was 4 — 5 hr and 2.5 — 5 hr, eetipely. For 15 day old rats, the

gastrocecal time with and without the dam was 4w &nd 3.5 — 5 hr, respectively.

Gastrointestinal transit time

The effect of age on Gltt was determined by conmggatihe time from administration of
barium sulfate into the stomach to the initial déable excretion of barium sulfate from the
anus between 10 and 15 day old rats. In the oldexgbie Dawley pups, the transit times
increased in both the maintenanpe@.05) and deprivation groupg<0.05) in comparison
with those for 10 day old counterparts (Figurel®the presence of their mother, the mean
total gastrointestinal transit time in 10 day olgpp was 13.8 = 0.9 hr compared with
17.3 £ 0.5 hrin 15 day old pups<0.05). In the absence of the dam, 10 day oldhadsan
average transit time of 9.3 £ 0.7 hr and this iasezl to 16.2 £ 0.6 hr in 15 day pups
(p<0.001). Observable developmental changes in 1®Mdasats in comparison to their
10 day old counterparts included additional bodyafud increased palpebral fissuring
(opening of eyelids). The body weight for 10 dag r@ts was 21.51 + 1.61 g and for 15 day

old rats was 27.40 +1.00 g.
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Table 1.
Range of gastroduodenal, gastrocecal and total trait times in 10 and 15 day rats

Parameter Animals

Rat age (days) 10 15

Maternal presenée M* (n=5) M (n = 5) M (n = 6) M (n = 5)
Transit time (hry;

Gastroduodenal <0.17 <0.17 <0.17 <0.17
Gastrocecal 4-5 25-5 4-6 35-5
Total transit 9.5-17 7.8-12.8 16.2 - 18.2 1414 .4

2 M" denotes pups remaining with the dami,ddnotes rat pups that are separated from the
dam.

® Gastroduodenal, gastrocecal and total transit temeslefined as duration for the leading
edge of oro-gastric gavaged barium sulfate to éhteduodenum, enter the cecum and exit
the anus, respectively.
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Figure 6. Gastrointestinal transit time in 10 and 5 day old rats in the presence (M) or
absence (M) of their mothers

The total transit time was calculated as (§5igh sulfate observed in feces iM&arium sulfate ingestad
The average transit time of a 10 day old pup wa8 &8+ 0.85 (SEM) with their mother
and was 9.3 hr £ 0.66 (SEM) without the mother. @herage transit time of a 15 day old
pup was 17.3 hr £ 0.51 (SEM) with mother and wa2 18 + 0.56 (SEM) without the
mother.

* denotes a significant difference between the gnaups p<0.001).

t,1 denote a significant difference between agepg®<0.05). Data was analyzed with a
student t-test for significance and= 5 — 6.
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The effect of maternal presence: Shorter gasesiimal transit times in 10 day old pups
without their mother were measured as comparedps p their mother’s presence
(p<0.001) (Figure 6). In 15 day old rat pups, no sigant difference §(>0.05) in Gltt was

observed between pups in the presence or absetive mither.

2-4 Discussion
Transit times

The results of the present study show a gastrochabdiensit time of less than 0.17 hrin
10 and 15 day old pups (Table 1). For both thergdsbdenal and gastrocecal time points,
no statistical analysis could be performed. Duexjeerimental and technical limitations, the
frequency of radiographs and animal feeding tinmgd:not be performed simultaneously
on all 21 animals. For this reason, the data wepeessed as ranges. However, statistical
analysis could be performed with total Gl tranisitet, since it was possible to measure
barium sulfate defecation using several stop watche

In this investigation, the elimination of anestla®@moves the effects of this variable on
Gltt [82]. Invasive treatments such as indwellirggtgic cannulae also modify Gl motility
and gut development [83, 84]. Total transit timesviound to decrease for only the 10 day
old rats in the absence of the mother becausey bldaats demonstrated no significant
difference. Considering that rats wean at 20 - &&f age, pups may start tolerating
maternal absence as early as 15 days of age. Howkeeeffect of infant formula and stress
induced from subcutaneous saline injections msst la¢ taken into account when

considering such differences.
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These findings may be compared to those of prestudies but direct comparisons are
difficult to make due to lack of uniformity or si@dardized procedures. Different strains of
rats, older age groups, or different markers anthaus have been employed to estimate
total transit time. For example, use of 1, 2 amddhth old Wistar rats with'C-PEG
(polyethylene glycol- 4000) as a non-absorbableetrandicated a gastric emptying time of
less than 30 min [67]. In a separate experiment, 4P day old Sprague Dawley rats were
chemically restrained with a combination of 0.71 kegamine hydrochloride/g body weight
and 0.5 mg of acetylpromazine maleate injecteé@mtrscularly. Barium sulfate transit as
determined by radiography revealed results sindldhis study with a gastric emptying time
of 11 min and a gastrocecal time of 5 hr [61].

In the present study, when 10 day old pups weregraoed to 15 day old pups, the total
gastrointestinal transit time increased althouginelwere no differences in gastroduodenal
and gastrocecal transit times. This demonstratesttle effects of aging are related to transit
times in the colonic segment specifically. As mustrients and drugs are absorbed in the
stomach and small intestine, this five day diffeeem rat age was shown to have no effect
with regards to transit through the upper parthefgastrointestinal tract.

In a somewhat different approach, a previous studystigated small and large bowel
emptying times, by measuring the time for any gisegment to empty 50% of its total
contents. The small bowel emptying half-time wasiealent to 5 hr among 1, 2 and 3
month old rats. In contrast, the large bowel enrmgyialf-times were 6, 12.5 and 13 hr for 1,
2 and 3 month old rats, respectively [67]. Thisgaggs there was no difference in small

intestinal transit time for different aged ratscdin be inferred that colonic transit time was
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the reason for the increase in total transit timelder rats, as was also observed in the

present investigation.

Maternal influence on Giltt

Maternal separation may alter Gltt in rat pups tigitoa variety of factors including
physiological stress, physical stress from neegéztions, disruptive feeding schedule, diet
and a lack of maternal stimuli. It was observed hgos that remained with their mother
were exposed to a variety of stimuli in less sfrtdsonditions throughout the course of the
experiment. The mother provided on-demand feedngpér pups. The mother also
performed anogenital licking which is thought torstlate urine and feces elimination [85].
Others have observed that the synthesis of acefyhehand the release of corticotropin-
releasing factor were stimulated in young rats ¥ere separated from their mother, leading
to development of colonic epithelial dysfunctio®]8Such physiological and anatomical
changes of the Gl tract in rats, as they mature, aso alter gut transit times.

Temporal intervals between feeds, along with thexiijo diet provided during the
experiment, may have impacted Gltt. Rats maintawigd their mothers continued to
suckle rat milk as needed. Mammalian milk is kndwibe a rich source of lysozyme,
lactoferrin, polymeric IgA, tumor necrosis factdmNF) receptor, acetylhydrolase, IL-1
receptor antagonist, oligosaccharides and othexchies [47]. The total milk fat solids
content of Sprague Dawley rat milk is approximate3s g/L [87], whereas the infant
formula used in this study contained 3.6 g/L. lalttey men, it was observed that

consumption of a fat emulsion (palm and oat oitfy@ased their orocecal time [88].
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Therefore, the nutrient profile of rat milk is likeo influence gut motility because its
composition facilitates metabolism, immune protctand promotes growth [89]. The pups
that were separated from their mothers were proMidién 1 mL of infant formula at regular
one-hour intervals. This feeding process requiinman handling may have been an added
source of stress for these animals [@9well as the infant formula itself which is knoten
alter Gl tract function and motility in comparistmmother’s milk [91]. The differences
between maternal milk and infant formula, which eveot addressed in this work, point to a
growing area of interest - that of the impact cdmegtal nutrition on health status and the
incidence of disease in later life [92]. Accordiloghe results in this study, it was
demonstrated that the higher fat diet of infanbfola did not increase transit time as was
previously observed in humans [88]. Thereforeait be inferred that the stress of maternal
deprivation influenced the Gltt far greater thaa ginovided diet.

Knowing that maternal separation induces stresganate rats [86] and that it also
influences Gltt in the Wistar strains [53], one niafer that decreased Gltt was a result of
stress caused by maternal deprivation. It is ptessifat the differences between maternal
and formula milk also played a role in alteringtGTthe data suggest that future experiments
monitoring absorption, digestion, metabolism andretton (ADME) or pharmacokinetic
studies using neonatal rats may be performed wngli@taining them in the presence of
their mothers. This may benefit the experimentatome by reducing variation in transit

time and lessening the impact on digestion and lmoétan.
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Chapter 3

Pharmacokinetic studies using radiolabeledC protein

3-1 Summary

Historically radiolabeling proteins witHC has been performed using reductive
methylation using'{'C]formaldehyde [93]. With significant advantagesadbnger half-life
and a smaller radiohazard, this simple procedusebbkan considered a good alternative to
radioiodination. Using the method described by Tpeaaad Kaplan [80]in vacuo
radiolabeling of proteins using’C]methyl iodide was attempted to achieve higheciise
radioactivities in comparison with previously desed methods. Bovine serum albumin
(BSA) and casein were used as test proteins tordete the efficacy of radiolabeling.
Finally, CD14 was radiolabeled to be tested in ptaanokinetic studies. Using this method,
calculated specific radioactivities of 10 400, DD &nd 163 000 dpmg were measured for
[**CIBSA, [**C]casein and'fC]CD14, respectively.

[**CIBSA, [**C]casein and'fC]CD14 were fed to 10 day old Sprague Dawley fEte
proteins were radiolabeled to high enough sperifitioactivity, that*C presence was
detectable in the stomach, jejunum, duodenum, ijdaliood, liver, kidneys and spleen
480 min after feeding the animaf$¢]CD14. The method had a sensitivity of detectimgy t
radioactivity of*“C in an order of magnitude greater than backgrolihd.stomach had the
highest“*C radioactivity of all organs measured. The accuatioh of “C-label in the organs
of [**C]CD14 fed rats, most notably the persistenc€®fin the stomach 480 min

post-gavage, is temporally and spatially distinotf [““C]BSA and {C]casein fed rats.
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3-2 Materials and methods
Materials

[**C]Methyl iodide 2 mCi (52.9 mCi/mmol) was purcha$exm Perkin Elmer
(Waltham, USA). Bovine serum albumin (A7906) andihe milk casein (C7078) as
lyophilized proteins were obtained from Sigma-Adtir{Oakville, Canada), rhCD14
(383CD/CF - MW 35.8 kDa) from R&D Systems (MinneapoUSA). Hydrogen peroxide
30% w/v (216763) and perchloric acid 70% (244252jenpurchased from Sigma-Aldrich.
Solvablé™ (6NE9100) and Internal Standard Kit'¢]W Standards) were obtained from
Perkin Elmer, ScintiSaf& Plus 50% LSC-Cocktail (SX25-5) from Fisher Sciéati
(Ottawa, Canada), methylene blue (3-Q473) from iMelirodt Baker (Phillipsburg, USA)
and Heparin sodium 1000 USP units/mL from PharmiacaPartners of Canada Inc

(Richmond Hill, Canada).

4C-Labeling of proteins

A protein solution (BSA or casein at 1 mg/mL arehalose at 0.01 mg/mL) was
adjusted to pH 10.5 with 1 N NaOH to enhance matigrh ofa- ande-amino groups.
a-Amino groups have pKvalues from 6.8 - 8.0, whikeamino groups have values ranging
from 10.4 - 11.1 [94]. An aliquot (500 pl) contaigi500 g of protein solution was
lyophilized in an HP Agilent micro-insert test tule vacuomethylation with {*C]methyl
iodide (52.9 mCi/mmol) was performed accordingne procedure described by Taralp and
Kaplan [80] with the following modifications. TheFHAgilent micro-insert containing
lyophilized protein was placed into a larger testet A narrow constriction near the upper

portion of the larger test tube was formed usifigme. An aliquot of the'fC]methyl
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iodide (40 uCi in 50 pl of toluene) was placed witthe upper portion of the test tube,
while the lower portion was placed within liquidnoigen, causing the reagent to condense
into the lower region of the test tube. The tebettemained submerged in a liquid nitrogen
bath, while the test tube was evacuated and sealder vacuum at 50 mTorr. The sealed
tube was incubated at 85°C for 48 hr. Followingitieibation, trace quantities of
[**C]methanol (a by-product from the reaction wittcer@mounts of water present) and any
unreactedf'C]methyl iodide were removed from the treated prokey liquid nitrogen
trapping. After removal of the volatiles, labeledtein was resuspended in 500 pl of a
1% solution of NHHCO; and incubated at 37°C for 2 hr to hydrolyze me#siers formed
by reaction of the'fC]methyl iodide with carboxylate groups on the piot The sample
was then lyophilized twice to remove ari§methanol generated.

The CD14 protein (100 pg in 250 pl of water) wagisiegdd to pH 10 with 1 N NaOH
and lyophilized. Then vacuomethylation was performed using the same radiditadpe
protocol as with BSA and casein by the additiod@® puCi f*C]methyl iodide

(52.9 mCi/mmol), in 40 pl of toluene as suppliedR®rkin Elmer.

Animal model

Studies were conducted in accordance with the Usityeof Ottawa’s Animal Care &
Veterinary Service, approved by Ottawa HospitaleResh Ethics Board, BMI-77. Sprague
Dawley rat pups (10 days old) weighing from 19 -®?&ere separated from their mother
and placed into an incubator at 37°C, while beasgefd for 2 hr. The pups were returned to

their mother and gavage fed either 6.25 pd|BSA solution in 250 pL
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(10 400 dpmig), 6.25 pg of 'C]casein solution in 250 pL (10 800 dpm) or 6.25 ug of
[**C]CD14 solution in 250 pL (163 000 dpmg).

Animals were anaesthetized with isoflurane at 20, 240 min and 480 min. Once the
rats were nonresponsive, a cardiac puncture wésrperd to collect blood, followed by
harvesting of the stomach, duodenum, jejunum, ildange intestine, liver, spleen, kidneys
including isolation of small and large intestineninal contents. The intestines were
separated into the duodenum, jejunum, ileum argklantestine defined as 7%, 74%, 2%
and 17% of total intestinal length, respectivel¥][8
Scintillation counting

A pre-weighed sample of homogenized organ tissugeplaced into a 20 mL LSC vial
and lyophilized. Perkin Elmer Solvable (1 mL) wasled to each vial and incubated at
37°C for one week to fully solubilize the sampl&][9A 400 pL aliquot of a solution of 14%
perchloric acid and 24% hydrogen peroxide was tselgcolorize and further digest the
samples [96]. Finally, LSC cocktail (15 mL) was addo each vial and radioactivity (cpm)

was quantified by liquid scintillation counting (BKModel 1214 Rackbeta).

3-3 Results
4C-Labeling of proteins

As outlined in the materials and methods, proteiaee radiolabeled withfC]methyl
iodidein vacuo.The measured specific radioactivities were 10 400800 and
163 000 dpmig for BSA, casein and CD14, respectively (TableA2)en-fold increase in
the specific radioactivity was achieved f&iJCD14 because a larger quantity of

[**C]methyl iodide per pg of protein was used. To drire LSC counting efficiency, a
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Table 2.
Specific radioactivities (dpm/ug) of {*C]BSA, [**C]casein and {‘C]CD14

Sample Specific Radioactivity (dpm/ug)
[**C]BSA 10 400
[*“C]casein 10 800
[**C]CD14 163 000

Five uL of the sample solutions (2@/mL) was dissolved using Solvable discolored
using perchloric acid 70%: hydrogen peroxide 30%)(followed by the addition of liquid
scintillation cocktail. Counts were measured usifigcounter (LKB Model 1214 Rackbeta
Liquid Scintillation counter).
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“C-internal standard (100 300 dpm) was added irfferdint organ samples covering a
range of spectral quench parameter of the isot8@d>() values. The counting efficiency
curve was fitted by nonlinear regression using GPaal Prism version 5.03 for Windows
(San Diego, USA). The following relationship wagetenined for calculating counting
efficiency (Figure 7):

g = 966X
7332+ X

-1153+4711, where y = efficiency and x = SQPI

The efficiency calculated was used to convert copet minute (cpm) to
disintegrations per minute (dpm) for all organs suead (dpm = cpm/efficiency). It should
be noted that th&'C standards were shipped with a radioactivity &f 300 dpm, however,

considering radioisotope decay, a value of 100d#86 was used for calculations.
Pharmacokinetic studies using radiolabeled*C proteins

Thein vacuolabeling method produced proteins of a sufficighigh specific
radioactivity to quantify thé’C-label in the organs of experimental animals tetialabeled
proteins (Figure 8). At 480 min post-gavage @ radiolabel was detected in accessory
organs such as blood, liver, kidney and spleen avitireshold of detection an order of
magnitude or greater above background (Table 3).réthod described demonstrated that
concentrations of'C-label as high as 383 000 dpm/g were detect@hteer figures for
[**CIBSA, [**C]casein and'fC]CD14 at 20 min, 240 min and 480 min post-gavage a
presented in Appendix C.

Following gavage feeding, the stomach was theainiéservoir for“C-label (Figure 9).
As such, the stomach had the highest representa@veoncentration of all organs

measured.fC]BSA and {*C]casein followed a similar trend of decreasifg counts over
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Counting Efficiency Curve
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Figure 7. Counting efficiency curve for liquid scirtillation counting
Random samples were selected over a range of ($@RBs. Liquid scintillation counting
of these samples occurred prior to and after thiétiad of a known‘C standard

(100 300 dpm). The percent efficiency was calcdlate
[(CpPMadded standar-CPMbriginal)/dPMitandard @aNd Was plotted against the original SQPI vatoes

form an efficiency curve. A best fit line was pldtand the equation (y = efficiency and
x = SQPI) was used to convert cpm to dpm in theaieing samples
(dpm = cpml/efficiency)n = 19

966X

y= -1.153%+4711
7332+ X
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Animals fed [ *C]CD14

dpm/(g or mL)

Figure 8. Representative graph of rats fed'fC]CD14 and euthanized 480 min
post-gavage

[**C]CD14 (163 000 dpmb) was fed to 10 day old Sprague Dawley rats aay trere
sacrificed at 480 min. The stomach, duodenum, jgjurileum, large intestine (LI), blood,
liver, kidneys and spleen were harvested and disdalsing Solvable. Solutions were
decolorized using hydrogen peroxide and perchiaeid and subsequently mixed with
liquid scintillation cocktail. Data were reportesl @m/(g or mL) and was expressed as
mean £ SEM with an =2 - 4.
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Table 3.Detectability of **C in Sprague Dawley rats 480 min post-gavage with
fc1cD14 (1 020 000 dpm)

Organ dpm/(g or mL) ? Fold over background b
Stomach 116 000 3270
Duodenum 37 000 55

Jejunum 93 900 8

lleum 383 000 182

Large intestine 75 300 72

Blood 19 300 374

Liver 60 400 99

Kidney 69 700 28

Spleen 38 000 11

% alues are expressed as mean. Blood is the onlgedpressed as dpm/mL
Background was an unfed control rat
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Figure 9. Distribution of **C in the organs of rats fed {*C]BSA, [**C]casein or

[*“C]CD14

[*“CIBSA (10 400 dpmdg), [**C]casein (10 800 dpmd) or [*)C]ICD14 (163 000 dpmak)

were fed to 10 day old Sprague Dawley rats. Theieweeathanized at either 20, 240 or

480 min. The stomach, small intestine (SI), largestine (LI), blood and liver were
harvested and dissolved using SolvABleéDrgans were decolorized using hydrogen
peroxide and perchloric acid and subsequently mixi#d a liquid scintillation cocktail.

Data were reported as dpm/g and in the case otih@s reported as dpm/mL. Values were
expressed as mean = SEM withran 2 - 6.
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time, consistent with normal stomach emptying. Hesve[*C]CD14 did not follow this
trend. Specifically**C-concentrations nearly doubled in the stomach ft@#h 000 dpm/g at

20 min to 236 000 dpm/g by 240 min.

[**CIBSA and {*C]casein were detectable in the small intestingiwi20 min and
reached a steady stdf€-concentration by 240 min (Figure 9 a,b). Howe{#6]CD14
entered the small intestine at a slower rate witteaimal accumulation of 164 000 dpm/g
at 240 min (Figure 9 c}’C-label from BSA and casein fed animals was miniimahe
large intestine. In rats fed*C]CD14, the increasedC-concentration in the large intestine
after 480 min was consistent with decreased signéle small intestine. Conversely, with
[**C]BSA and {'C]casein, the radiolabel reached a steady stafd®ynin in the small
intestine with a further decrease in the largesitme suggesting that much of this label
migrated elsewhere and did not reach the largstint

The luminal contents of the small intestine wesndlushed out and collected for
measurement of radiolabel conteifBSA and {‘C]casein followed a similar decreasing
percent dose trend in the small intestinal lumeer ¢vme (Figure 10). The large intestinal
lumen accumulated radiolabel at 480 min. Those alsified [‘C]CD14 retained the
radiolabel in the small and large intestinal luman&40 min. The signal if4C]CD14 fed
rats indicated a percent dose in the lumen of thedlgntestine lower than that observed for
[**C]BSA and {*C]casein fed rats!{C]CD14 also demonstrated a distinct trend of
increasing percent dose in the small intestinaelamver time, in comparison with

[**C]BSA and {‘C]casein which showed a decreasing percent dose.
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% dose

Figure 10. Distribution of percent dose fed in théntestinal lumen of rats fed

[**CIBSA, [*'C]casein or }“C]CD14

[*“C]BSA (10 400 dpmdg), [*“C]casein (10 800 dpmd) or [*)C]CD14 (163 000 dpmk)
were fed to 10 day old Sprague Dawley rats. Thengweathanized at either 20, 240 or 480
min. The small intestine (SI) and large intesting [umens were flushed using cold PBS.
The intestinal contents were dissolved using Saéyatecolorized using hydrogen peroxide
and perchloric acid and subsequently mixed witijaid scintillation cocktail. Data were
reported as the percentage of dose fed (g dpmiosed X 100%) and were expressed as
mean £ SEM with an =2 - 6.
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The'“C-label for all fed proteins was rapidly detectabl¢he blood indicating direct
absorption from the small intestine. In blood, thdiolabel was detectable at 20 min
post-gavage followed by a decrease at 240 and 480Tmis suggests some level of
transport to accessory digestive organs which naag lliluted the available pool BfC in
the blood. Thé“C-concentration from'fC]JCD14 fed rats in the blood was ten-fold lower in
comparison to that observed fof¢]BSA and {“C]casein fed rats and suggests retention

within the Gl tract.

3-4 Discussion
“C-Labeling of proteins

The results obtained demonstrate that proteindedabeled with’'C]methyl iodide by
in vacuomethylation to a sufficiently high specific radabity for the quantification of the
biodistribution of*“C-label in organs after oral administration. Furthere, the radiolabeled
protein can be utilized for ADME studies requirilogv-microgram quantities of protein fed
to rat pups. Reaction of protein witH¢]methyl iodide introduces covalent linkage of one
to three'“CHs labels on the amino groups of the side-chain sifly residues and the amino
terminus, and one to twWdCHs labels on the imidazole side-chain of histidingidaes [97].
Methyl iodide also reacts with carboxyl groups fragpartic and glutamic acid residues to
form methyl esters. Unlike methylamino and methydiazole groups, methyl esters are
labile under alkaline conditions and would therefbe labile in the intestinal tract of
animals. For this reason, the labeled protein washated at alkaline pH to hydrolyse the

methyl esters and then lyophilized to remo\€]methanol.
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The“C specific activity that can be achieved in labgknpure protein bin vacuo
methylation depends primarily on the specific radiivity of the f*C]methyl iodide
reagent, the amount of reagent used and the nushbesine and histidine residues in the
protein [80]. At the time of the proteffiC-labeling, the specific radioactivity sufficierurf
ADME studies in rat pups was not known. As recorabtrCD14 (rCD14) is an expensive
protein to produce and BSA and casein are relgtimelxpensive proteins, CD14 was
labeled with a twenty-fold greater amount Bfmethyl iodide than that used for the
labeling of BSA and casein. This was to ensure makincorporation of the label without
having to rely on a second labeling reaction antiout the use of additional protein. The
specific activities obtained for the labeling of 88nd casein were 10 400 and
10 800 dpmlg, respectively and this level was found to be ad&gfor quantification of
4C in the organs of fed rats. In the case of CDHd specific radioactivity achieved was
more than an order of magnitude greater, namely,00® dpmig. The results demonstrate
that such a high level of specific radioactivitysneot necessary. The CD14 could have been
labeled to one-fifth of the specific radioactivaghieved in this study. Such a level would
have been more than sufficient for the quantifaratf the**C distributed in the various

organs.

A significant advantage oh vacuolabeling over agueous-based labeling methodologies
is that a high specific radioactivity can be ackeat a very low cost. The reason for the
low cost was that there was no los$@f label due to reaction with water and the vast
majority of the label in the'{C]methyl iodide was incorporated into the proteiinterest.
In the present study, the cost of tfhi&]methyl iodide used was $750 US/mCi. For the

labeling of 100ug of CD14 with 16QuCi of [**C]methyl iodide, the cost was $1.20 W§/
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($170Ci of labeled protein) and for the labeling of 2@ ug of BSA and casein, the cost
was $0.06 USig ($13(.Ci of labeled protein). The cost in the presentlgtwas under

$20 US/.Ci, where typically commercially producétC-radiolabeled proteins are available
at $200 - $300 UECi (e.g. Sigma-Aldrich albumirt/C methylated A4844-1UCI). It is
possible that these costs could be further redbygeallk purchase of thé‘C]methyl

iodide.

Another significant advantage was that, unlike agsdabeling procedures, threvacuo
4C-labeling of microgram quantities of protein cangerformed just as efficiently as with
large amounts of proteins. The reason was thdateding was performed with lyophilized
protein and the amount of label incorporated pérafrprotein was therefore independent
of the amount of protein present. This is especialportant in cases where only small

amounts of high cost protein are available, abéncase of CD14 used in this study.

Pharmacokinetic studies using radiolabeledC proteins

The results obtained in this thesis are in gooeé@&gent with previous studies
investigating the digestibility of BSA and casedhfior example, after 10 min af vitro
incubation of BSA with either trypsin or chymotrypsintact native protein including
proteolytic fragments were detectable [98]. Howe®@0 min after oral administration of
BSA to mice, the protein was completely digestedrugntry to the small intestine [98]. In
the case of casein, it has been observed to beletatypdigested and yielding its greatest
amino acid absorption in the ileum [99]. It is alsmwn that native casein is completely
degraded by the time it reaches the feces in 188][and is readily degraded by duodenal

juices in infants [101, 102]. Also, rates of digestwere noted to be similar between
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reductively methylated'{C]casein and'fC]BSA in comparison with their native forms
[103]. This demonstrates that methylation doessigptificantly alter the digestive fate of
these proteins.

The present results show simif4€-label accumulation in the organs for rats fed
[**C]BSA or [““C]casein. For instance, in the stoma¢f, was present at its highest
concentration at 20 min for all fed proteins andrdased throughout the course of the
experiment. This was consistent with normal gastesitinal digestion. Furthermore, as
these proteins move along the Gl tract, they ural&rgher digestion by intestinal proteases
and subsequent uptake by the intestinal micro@lien though this method only allows
C-label detection, the behavior of the signal fleypical protein digestion. For example,
4 hr after human patients ingested BSA, small pegtand amino acids were recovered in
their jejunum and ileum lumens [104]. In this cutrstudy, the signal observed in the
luminal flushes of the small and large intestineesponded to the values measured in the
intestinal organs. Together, these data sudg@dabel was migrating from the lumen into
the intestinal wall and subsequently into the blaad liver.

In contrast, the’fC]CD14 fed rats showed a differing biodistributioithe **C-label
amongst the organs from that 61¢]BSA and {“C]casein fed rats. Most notably, the
4C-label did not accumulate to the same extentatsa{-“C]BSA and {*C]casein in the
large intestine lumen, which suggests CD14 trarispategradation. ThHEC signal
persisted in the stomach and small intestine faou$B0 min post-gavage. ff{C]CD14
was being readily degraded, the peptides and aauinbbreakdown products would be

rapidly translocated to the blood and other org@hs. persistence of tHéC-label
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suggested the full length protein was being pretkféitom degradation and further

experimentation to determine the digestive fatehisf protein is needed.

45



Chapter 4

Stimulation of human blood CD14 monocytes

4-1 Summary

CD14 monocytes were isolated from human peripheraldmononuclear cells
(PBMC). This subset of cells (18ells/well) was either left untreated, stimulaeth LPS
(1 ng/mL), treated with rCD14 (15 pg/mL), preinctdzhwith rCD14 (15 pg/mL) for 1 hr
and subsequently stimulated with LPS (1 ng/mLyeated with rCD14 (15 pg/mL). Protein
production levels (pg/mL) and mRNA expression lewal the following cytokines were
measured: TNFe, IL-6, IL-8, IL-10 and IL-13. The production of TNk, IL-6, IL-8 and
IL-1B was highest when CD14nonocytes were stimulated with LPS alone. Monaxyte
stimulated with LPS and those challenged with rCpiLé LPS showed a statistically
significant differencef<0.05) in TNFe and IL-13 levels. For TNFe, these results were
confirmed using quantitative RT-PCR. A significaleicrease in mRNA expression levels
was observed with IL-6, IL-8 and IL-10 when LPSHivaged CD14 monocytes were
preincubated with rCD14. The results demonstradedh exogenous source of sCD14 may
lessen the severity of cytokine production for TWBnd IL-18 in response to LPS
stimulation, suggesting that sCD14 may protect ms1ieom excessive inflammation,

thereby moderating adverse clinical symptoms sscegsis.
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4-2 Materials and methods
Reagents

Recombinant human CD14 (383-CD/CF) was obtainen iR&D Systems and
maintained in sterile magnesium-free D-PBS(-) (@9395) from Wako Pure Chemical
Industries Ltd (Osaka Japan) and 0.1% BSA (A95&8nfSigma-Aldrich Japan K.K.
(Tokyo, Japan). LPS was isolated fréncoli0111:B4 from Sigma-Aldrich.
2-Mercaptoethanol (135-07522) was obtained from A%hd RPMI-1640 medium
(R8758) was purchased from Sigma-Aldrich. HEPEB@D 1M 15630) and PenStrep
(GIBCO 15140; 10 000 units/mL penicillin, 10 000/pndy. streptomycin) were purchased
from Invitrogen (Tokyo, Japan). Fetal Bovine Ser@5300106) was from Moregate
Biotech (Bulimba, Australia) RLT Lysis Buffer fro@iagen K.K. (Tokyo, Japan) and

Lymphoprep (PoCAS 12B1S03) from Axis-Shield (Dundeeotland).

Peripheral blood mononuclear cell isolation

Blood samples were obtained from human subjects&pdriments were approved by
the institutional review board of Keio Universitgt®ol of Medicine. Approximately 30 mL
of blood was diluted with D-PBS(-) and layered omiphoprep (Axis-Shield) before
centrifuging at 200 revolutions per minute (rpm) 20 min at room temperature. Viable
peripheral blood mononuclear cells (PBMC) were veced from the interface layer and

diluted in MACS buffer (D-PBS(-), 0.5% BSA, 2mM EBYJ.

CD14" monocyte isolation
A population of monocytes expressing CD14 was reca from PBMC using MACS

Cell Separation (Miltenyi Biotec) according to timanufacturer’s instructions.
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LPS and CD14 stimulation

CD14 monocytes were cultured in 96-well round-bottossiie culture plates
(1x10 cells/well) in RPMI 1640 medium (containing 10%diebovine serum, 100 units/mL
PenStrep), 10 mM HEPES and 50 uM 2-mercaptoeth@hel cells were stimulated with
either 1 ng/mL LPS, 1pg/mL rCD14 or 15ug/mL of rCD14 (preincubated for 1 hr)
followed by 1 ng/mL LPS stimulation. Cells were uhated at 37°C and 5% G€r 6 hr.
Cells were harvested for RNA isolation and cultsupernatants were obtained and stored at

-80°C.

Cytokine bead assay

The human inflammatory cytokine bead array (CBA)oki BD Biosciences (551811)
was used to determine TNFHL-6, IL-8, IL-10 and IL-1B concentrations. The analysis was
performed according to manufacturer’s protocol.2Daas collected using FACSCalibur
(Becton Dickinson Biosciences, FACStation versidhD) with CellQuest software

(BD Biosciences). Analysis was performed using GRaxd Prism.

RT-PCR

After six hours of stimulation, cells were lysedngsRNA lysis buffer (containing
1% B-mercaptoethanol). RNA was extracted using RNeasyd\kit (by Qiagen K.K.) and
cDNA was synthesized using Quantitect RTkit (Qialeq.). TagMan Gene Expression
Assay (Applied Biosystems) performed quantitateal#time polymerase chain reaction
(RT-PCR) and was assessed using the DNA Engine@p#l System (Bio-Rad), and
analyzed with Opticon monitor software (MJ Researthe primers used were

IL-6 (Hs00174131) IL-8 (Hs99999034), TNF¢(Hs00174128), IL-f (Hs00155517),
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B-actin (Hs99999903) (Applied Biosystems). RT-PCRules were normalized against

B-actin control.

Statistical analysis
Student t-test was performed on cytokine and mRkgession levels data and a

difference of p<0.05) was considered significant.

4-3 Results

Untreated CD1%monocytes (10cells/well) isolated from PBMCs synthesized trace
quantities of the measured cytokines (T&HL-6, IL-8, IL-1p, IL-10). Cytokine production
of TNF-u, IL-6, IL-8 and IL-1B, is reported in Figure 11. The largest cytokinedoiction
quantities were observed when CDMonocytes were stimulated with LPS (1 ng/mL).
CD14 monocytes stimulated with LPS, those with rCD14sdlPS and those with rCD14
alone, demonstrated a statistical difference antahggyroups<0.05) in TNFe and IL-13
production. Whereas, IL-6 and IL-8 demonstratethistical increase in its production
between CD124monocytes challenged with LPS compared with rCBid those with
rCD14 plus LPS and rCD14. Also, the productionleflD by CD14 monocytes showed a
different trend when compared to the other meascyaakines. IL-10 production was
highest in monocytes incubated with rCD14 plus L®WEich is a different observation

compared to the other cytokines measured.

The basal mMRNA for cytokines (TN&-IL-6, IL-8 or IL-10) are shown in Figure 12.
The results were normalized fieactin levels (in arbitrary units). mRNA levels falt

cytokines were highest when COl#onocytes were challenged with LPS (1 ng/mL). €her
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Figure 11. Influence of recombinant CD14 on cytokia production by LPS-stimulated
CD14" monocytes

CD14" monocytes (10cells/well) were: left untreated (NT), or stim@dtwith LPS

(2 ng/mL) (LPS), or preincubated with rCD14 (15mbj for 1 hr and subsequently
stimulated with LPS (1 ng/mL) (rCD14 + LPS), orated with rCD14 (15 pg/mL) alone
(rCD14).

All cells were treated for 6 hr at 37°C and 5% C8upernatants were collected and cells
were treated with RNA Lysis Buffer and 1% 2-mercagphanol. A cytokine bead assay was
performed to detect cytokine production of a) TWM) IL-6, c) IL-8, d) IL-18, e) IL-10.
Data were expressed as mean = SEM from at least thdependent experiments.

* p<0.05 was considered statistically significant.
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Figure 12. Quantitative RT-PCR of cytokine mRNA expession levels in isolated

CD14" monocytes

TNF-a, IL-6, IL-8 or IL-10 mRNA levels were normalized p-actin levels (in arbitrary
units). CD14 monocytes (10cells) were left untreated, stimulated with LPSi¢ImL),
preincubated with rCD14 (15 pg/mL) for 1 hr andseduently stimulated with LPS

(1 ng/mL) or treated with rCD14 (15 pg/mL). Datpeessed as mean + SEM from at least

three independent experiments.
* p<0.05 was considered statistically significant.
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was a statistical decreag®(.05) in the mRNA expression levels of IL-6, [L.aBd IL-10
between CD124monocytes stimulated with LPS and those cellsnpiddated with rCD14

(15 pg/mL) for 1 hr and subsequently incubated WwRS (1 ng/mL).

4-4 Discussion

The protective nature of exogenous sCD14 has bewistrated in previous mouse
[105, 106] and bovine [36] studies. It has beerudoented that overstimulation of TLRs by
LPS may lead to uncontrolled inflammation, edengatesmic organ dysfunction and sepsis
[107, 108]. To the author’s knowledge, the presevestigation is the first to show the
behaviour of recombinant CD14 in human mononuatedis. The objective of this study
was to determine if rCD14 has any influence onaytekine production of LPS stimulated

PBMCs.

The results of the study showed a decreps®.05) in cytokine production (TN&-and
IL-1B) when CD14 monocytes were pretreated with rCD14 prior to ISBwulation in
comparison with those challenged with only LPSirilar trend was observed in the
cytokine production of IL-6 and IL-8, however, tresults were not statistically significant.
A significant decrease was observed in the mRNAesgion levels of IL-6, IL-8 and IL-10,
when LPS-challenged CD14nonocytes were preincubated with rCD14. Thesdtsesu
suggest that an exogenous source of sSCD14 mayateghke downstream cytokine
production when monocytes are challenged with LIR§ufe 1). The mRNA expression
levels are consistent with the protein productmrels of the cytokines examined with
regards to LPS and LPS plus CD14 stimulation. Tkehlanism for this observation is still

unknown, however, rCD14 may bind or outcompete witbD14 expressed on the surface
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of the monocytes [108], thereby reducing the irdoa of LPS with the TLRs. Another
possibility involves rCD14 itself binding to anchaering the LPS inactive. Although the
mechanisms are unknown, it was observed in thidyshiat CD14 monocytes that were not
preincubated with rCD14 and instead challenged wipneformulated mixture of rCD14
and LPS, did not show a protective nature with rég#o a decrease in cytokine production
(data was not shown because 1). Therefore, rCD14 may interact with monocytefore

LPS stimulation to produce a reduction in inflamiodt

It was observed that rCD14 alone was able to indytekine production and mRNA
expression levels. These were unexpected resoitte;Hich one possible explanation may
include trace LPS contamination. In a similar studhere an astrocytoma cell line U373
was stimulated with lower concentrations, 0.2 -ganl of sCD14, it was observed that
there was minimal IL-6 production [59]. In the peasstudy, such potential trace LPS
contamination was not observed in the no treatrgenip (NT in Figure 11, 12). Therefore,
future studies should include a control for the @Bblution containing PBS and the
‘carrier’, BSA. There is the possibility that a ¢amination occurred while preparing the

CD14 solution in sterile magnesium-free D-PBS(4hvl.1% BSA.

Previous investigations have examined the pathoébg@ind immunological impact of a
recombinant source of CD14 when cell cultures @mats are subjected to & colior LPS
challenge. IrBos taurusit has been observed that udders injected witbmbinant bovine
CD14 (rbosCD14) and stimulated with colihad reduced clinical symptoms, such as
mammary swelling [105]. The cows also had a fagteruitment of neutrophils and lower
TNF-a and IL-8 concentrations, in comparison with udadrallenged witlE. colialone.

In vitro experiments have shown that neutrophils releaB84n response to an LPS
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challenge in a dose-dependent manner [36]. AftdrRfs challenge, it was also seen that
sCD14 concentrations in bovine milk increased. fétease of CD14 from bovine
polymorphonuclear neutrophil leukocytes (PMN) i¥m to suppress secretion of I1L-8
[109]. CD14’s ability to reduce clinical inflammati was further observed in a mouse
model where mice that were injected with either [dPEPS plus rbosCD14 and had

survival rates of 30% and 72%, respectively [106].

It is known that CD14 interacts with LPS, as wallL8P as seen in Figure 1. The
quantities of LBP available in the culture medidhirs investigation were unknown. It has
been shown that low concentrations of LBP can ecdnéime response of LPS bioactivity,
while high concentrations of LBP can inhibit itgigity which has been displayead vitro
andin vivo[31]. However, based on the results, it can beriatethat an exogenous source
of sCD14 may be capable of reducing the produaifgmroinflammatory cytokines when
cells are challenged with a Gram negative infectidns is a beneficial observation, as

excessive inflammatory response has adverse efiadtse host, such as septic shock.
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Chapter 5

Conclusions and future research

CD14 plays a key role in the innate immune systgmebognizing PAMPs on the
surface of invading microorganisms. Since it wasfbin high concentrations in human
milk in comparison with serum, it has been suggesieaid in the innate immune system of
breast feeding infants. However, in breast fedntd#aheir urine and feces contained trace

quantities of CD14, which renders an unknown fataiw the digestive system.

The work in this thesis presents a newborn aninmadehto study fate and distribution of
enterically administered proteins. The gastroimestransit time of 10 day old Sprague
Dawley rats was determined and it was observedptiad that remained with their mothers
throughout the course of the experiment, showesldggs of stress. Although previous
literature describes the separation of rat pup® fiteeir mother’s under similar experimental
conditions, it was decided that the pup would shaove natural gastrointestinal transit

when they remain with their mothers.

The second focus of this thesis was to presenbaate model using rats to address the
ongoing efforts of understanding CD14’s fate upagestion. Firstly, a method described by
Taralp and Kaplan [80] to radiolabel proteinsracuowith [**C]methyl iodide was utilized.
BSA and casein were used as test proteins to iga¢stwhether the proteins could be

labeled to sufficiently high specific radioactiei$i to be used as tracers in the Gl tract of
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neonate rats upon consumption. Once it was detedrilmt the methodology was effective

at radiolabeling proteins to sufficiently high siecradioactivities, CD14 was labeled.

The third objective was to trace oro-gastric gadggé€c]CD14 through the
gastrointestinal tract of neonate rats. It was nkeskthat““C originating from {*C]CD14
had different distribution patterns than those aagrirom fed {*C]BSA and {“C]casein.
The integrity of CD14 as a protein or its recabuitte to proteolysis was not determined in
this thesis. The proteolytic digestion of CD14 ebhé investigated by various methods. The
organs of rats fed{C]CD14 can be homogenized and the protein contnbe isolated.
The protein profile can be determined by sodiumedgtisulfate (SDS) polyacrylamide gel
electrophoresis. The radioacti%€ can be identified by phosphorimaging. Anotherhrodt
to determine the rate of protein proteolysis indhgans is to separate full-length proteins
from peptides and free amino acids using separabhmmns or filters. The eluted contents
can be readily measured by liquid scintillation midug. Once the various CD14 peptides
are obtained from the gastrointestinal lumen, tirtakepithelial cell (IEC) cultures can be
used to determine binding efficiency to LPS, TLRd #D-2. IECs can also be used to
examine if CD14 peptides can penetrate the int@dbarrier before being recognized by the
immune system [110]. This will help to understahgastrointestinal proteolysis affects

innate immunity function.

The fourth objective explored the relationship lesw sCD14 and inflammatory

response. It was investigated whether exogenoud 4C$dch as that found in human milk)

could down-regulate the proinflammatory cytokinedarction in the Gl tract. CD14
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monocytes isolated from PBMC were used to proksedbestionn vitro. It was concluded
that LPS-challenged CD14nonocytes that were pretreated with rCD14 hadiaced
production in proinflammatory cytokines, TNFand IL-18, and lowered mRNA expression
levels with IL-6, IL-8 and IL-10. These results gegt that sCD14 may protect humans
from excessive inflammation, which is known to hadeerse clinical symptoms such as
sepsis. The mechanism for this protective effestiisunknown, however, it can be
speculated that rCD14 may bind or outcompete wiiDii¥4 expressed on the surface of the
monocytes [108], thereby reducing the interactibbRS with the TLRs. These mechanisms
can be further investigated by determining a daggeddent relationship between rCD14
and LPS. Further cell culture work may also be eygd in IECs by observing the

influence of limiting the presence of MD-2 and LBP.

Modern gastroenterology, while challenged with sexahronic diseases such as IBD,
still needs to progress in determining mechanishiealthy gut function. It is in the
author’s hope that this thesis will contributeliege goals by providing insight into using
better model animal studies and more refined anditbee tracers for evaluating gut

function.
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Appendices

Appendix A

Ten animals, numbered Rat 1 to Rat 10
X-ray images of barium sulfate from gavage fed 49 old Sprague Dawley rats

Rat 1
10 mins 20 mins 1 hour 1.5 hour 2 hour 2.5 hour 3 hour 3.5 hour 5 hour

6 hour 7 hour 8hour 9 hour 10 hour 11 hour

12 hour

16 hour 17 hour

15 hour

14 hour

13 hour
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Rat 2
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Rat 3
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Rat 4
10 mins 20 mins 1 hour 1.5hour 2 hour 3 hour 3.5 hour 4 hour
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Rat 5
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Rat 6
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Rat 7
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Rat 8
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5 hour 7 hour 8 hour

Rat 9
10 mins 20 mins 1 hour
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5 hour 7 hour
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Rat 10
10 mins 20mins 1 hour 1.5 hour 2 hour 2.5 hour 3 hour 4 hour

5 hour 7 hour 8 hour 9 hour
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Appendix B

Eleven animals, numbered Rat 11 to Rat 21
X-ray images of barium sulfate from gavage fed &% old Sprague Dawley rats

Rat 11

10 mins 30 mins 1 hour 1.5 hour 2.5 hour 3 hour

4 hour
"

3.5 hour
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12 hour 13 hour 14 hour 15 hour 16 hour 18 hour 19 hour 21 hour
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Rat 12
20 mins 30 mins 1 hour 1.5 hour 2.5 hour 3 hour 3.5hour 4 hour
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Rat 13
10 mins 20 mins 30 mins 1 hour 1.5 hour 2.5 hour 3 hour 3.5 hour

4 hour 5hour 6 hour /hour 8 hour 9 hour 10 hour 11 houl

-

12 hour 13 hour 14 hour 15 hour 16 hour 17 hour 18 hour
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Rat 14
10 mins 20 mins 30 mins 1 hour 1.5 hour 2.5 hour 3 hour

.

5 hour 6 hour 7 hour 8 hour 9 hour 10 hour
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Rat 15
10 mins 20 mins 30 mins 1 hour 1.5 hour 2.5 hour 3.5 hour

4 hour 6 hour 7 hour ghour g hour 10 hour 11 hour

14 hour 15 hour 16 hour
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Rat 16
10 mins 20 mins 30 mins 1 hour 1.5 hour 2.5 hour 3.5 hour

4 hour © hour 7 hour 8 hour 9 hour 10 hour 11 hour

16 hour

14 hour 15 hour

12 hour 13 hour
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Rat 17
20 mins 30 mins 1.5 hour 2 hour 2.5 hour 3 hour 3.5 hour
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Rat 18
10 mins 20 mins 30 mins 1 hour 1.5 hour 2 hour 2.5 hour 3 hour

7 hour 8 hour 9 hour

3.5 hour
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13 hour

12 hour
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Rat 19

10 mins 20 mins 30 mins 1 hour 1.5 hour 2 hour 2.5 hour 3 hour

oo

3.5 hour 4 hour 5 hour 6 hour 7 hour 8 hour 9 hour
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Rat 20
10 mins 20 mins 30 mins 1 hour 1.5 hour 2 hour 2.5 hour 3 hour

6 hour 7 hour 8 hour 9 hour 12 hour

3.5hour 4 hour 5 hour

13 hour 14 hour 15 hour 16 hour 17 hour
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Rat 21
10 mins 20 mins 30 mins 1 hour 1.5 hour 2 hour 2.5 hour

6 hour 7 hour 8 hour 9 hour

5 hour
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3 hour 3.5 hour
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12 hour 13 hour
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Appendix C

Graphs of the biodistribution 6fC-radiolabel in organs excised from rats f€€]BSA,
[**C]casein and'fC]CD14 and euthanized at 20, 240 and 480 min pasage.

The stomach, duodenum, jejunum, ileum, large imegtI), blood, liver, kidneys and
spleen were harvested and dissolved using SolAbBslutions were decolorized using
hydrogen peroxide and perchloric acid and subsedtyueixed with liquid scintillation
cocktail. Data were reported as dpm/(g or mL) axptessed as mean = SENI= 2 - 4.
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dpm/(g or mL)

dpm/(g or mL)

Animals fed [ *C]JCSN- 20 mins Animals fed [ **C]JCSN- 240 mins

1.5x10%
1.0><105] |
4
5.0x10"- ~ 3.0x10
€
4.0x104 “
O 2.0x10%1
3.0x10%- A
~
4 e
2.0x10 Qo  1.0x10%4
1.0x10%4 °©
0- 0-
S O X & o X ¢ O XA & QO
6@0 006\ 006\ \Q'\)& QQQ’ & ¥ é\e & 6&0 006\ (\‘\’&,\e\\’@ %&\Q R '\\AQ'.&\Q’ &
S Py Y EF & K Sy Y& O & L
o D A o D oS
\Q \Q
Ny N

Animals fed [ **CJCSN- 480 mins
2.0x10*
1.5x10%4
1.0x10%4

5.0x10°+

88



dpm/(g or mL)

dpm/(g or mL)

Animals fed [ *C]CD14- 20 mins Animals fed [ *C]CD14- 240 mins
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