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ABSTRACT

Purpose
The purpose of this pilot study was to explore nutritional injury in the context of

oral mucositis (OM). It was a beginning look at oral L-glutamine (L-Gln) treatment

efficacy through investigation of three “Reaction-to-Nutritional Injury” hypotheses

defining OM as a localized secondary nutritional disorder of deficiency (Van Itallie,

1977) resulting from absence of/limited nutritional collateral systems (Kight, 1994):

(1) OM severity and human buccal epithelial cell glutamine synthetase
(HBEC GS) abundance,

(2) HBEC GS abundance and L-Gln treatment, and

(3) OM severity and L-Gln treatment.

Patients and Methods

Three female colorectal cancer (CRC) outpatients between 61 and 70 years of age

receiving FOLFIRI chemotherapy regimen and diagnosed with grades 1 and 2 OM were

followed daily throughout treatment cycles and randomly assigned into a two-week

mouthwash regimen of 1.0 gm/m2 qid L-Gln or placebo. Treatment crossover occurred

every two weeks without defined washout periods. Four controls were recruited as

controls for single Western blot (WB) analyses.

Results

Oral L-Gln effect on OM severity was statistically significant in all three study

participants, although two of the relationships had positive direction. Treatment and OM

severity were moderately correlated with a negative direction in one patient. Glutamine

appeared to be most efficacious in severe grade 2 OM erythema. Western blot analysis
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demonstrated absence of HBEC GS activity in cancer patients receiving FOLFIRI

treatment for colorectal cancer suggesting competitive inhibition of GS enzyme by

chemotherapy. Higher WB bands observed at 55 and 66 kDa may be O-linked

glycosylation posttranslational modifications, a possible explanation for the Gln-

influenced mechanism of Hsp70 biosynthesis and apoptosis prevention. This may be

suggestive of compression of the nutritional injury clinical horizon from stage 4 to stage

1 or 2 where adaptation to absence of/limited nutritional collateral systems theoretically

begins after chemotherapy insult. An extended definition of nutritional injury may be

the acquired loss of nutritional status at the biomolecular level by way of drug-induced

disruption of normal, adaptive metabolic pathways resulting in absence of/limited HBEC

GS abundance affecting Gln and Hsp70 availability. This may suggest the need for

preemptive L-Gln treatment prior to initiation of a 5-fluorouracil-based chemotherapy

regimen.
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LIST OF ABBREVIATIONS

ASCT2 (or B0) sodium-dependent neutral amino acid transport system
ATP adenosine triphosphate
BMI body mass index
CRC colorectal cancer
EGF extracellular growth factor
ERK extracellular related kinase
5-FU 5-fluorouracil
FOLFIRI 5-fluorouracil/irinotecan/leucovorin
GA glutaminase
Gln glutamine
Glu glutamate
GM-CSF granulocyte monocyte-colony stimulating factor
GS glutamine synthetase
GSH glutathione, reduced form
HBEC human buccal epithelial cell
HSF-1 heat shock factor-1
Hsp70 heat shock protein 70
IFN-Gamma interferon-gamma
IL-1 interleukin-1
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JNK Jun nuclear kinase
KGF nuclear factor kappa B
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MAPK mitogen-activated protein kinase
NF-κB  nuclear factor-kappa B 
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TNF-α  tumor necrosis factor-alpha 
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DEFINITIONS

Amphibolic

Uncertain, vacillating, or having the potential to go in more than one of various directions

(Dorland’s Illustrated Medical Dictionary, 2007).

Cancer Cachexia

Anorexia-cachexia syndrome in cancer patients (Dorland’s Illustrated Medical

Dictionary, 2007).

Metabolomics

The qualitative and quantitative study of the endogenous metabolites in a particular cell

or other biological sample (Dorland’s Illustrated Medical Dictionary, 2007).

Nutrigenomics

A field of study combining nutrition and genomics, examining how foods affect genes

and how individual genetic differences can influence the response to particular nutrients,

or other naturally occurring compounds, in foods (Dorland’s Illustrated Medical

Dictionary, 2007).

Nutritional Injury

Nutritional injury is defined as nutritional status loss and acquired loss in a nutritional

status indicator (Kelly & Kight, 1994).

Nutritional Status

Nutritional status refers to the human condition as related to the five axes of patient-

specific and nutrition-sensitive evidence/indicators gathered by performing a nutrition

physical exam and nutrition history (Kight, 2002):
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(1) Weight/Anthropometrics

(2) Dietary/Alimentation

(3) Biochemical/Metabolic

(4) Clinical

(5) Drug

Nutriologic status

Nutriologic status is the human condition as related to select nutriokinetic functions and

nutriodynamic stages of nutritional injury (Kight, 2003).

Nutriokinetics

The fate of nutrients in the body over time involving the processes of absorption,

distribution, metabolism and excretion reflecting the impact of the body on nutrients is

defined as Nutriokinetics (Kight, 1998, 2003).

Nutriodynamics

Nutriodynamics is the physiologic and biochemical impact of nutrients and their

mechanisms of actions in processes which progress nutritional injury from stage five or

four or three or two to stage one (Kight, 1998, 2003, personal communication 2006). It

is the impact of nutrients on the body.

Pathonutriology

Pathonutriology is the examination of nutritional injury as it progresses toward its

deficiency and excess ends (Kight, 1998, 2003).
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CHAPTER I
INTRODUCTION

Oral mucositis (OM) is a common and debilitating chemotherapy/radiotherapy-

induced barrier injury often resulting in oral ulcerations severe enough to affect treatment

regimen, quality of life, and patient prognosis. It is a reaction to multiple interacting and

tissue-damaging downstream transmucosal biological events (Sonis, 2004) involving

reactive oxygen species, TNFα, IL-1β, Il-6, sphynogomyelinase, ceramide synthase, and 

matrix metalloproteinases.

Mucositis is a term used to identify the pathologic and known pathophysiologic

stages of mucosal barrier injury associated with antineoplastic therapy (Scully et al,

2003). It is used interchangeably throughout the literature with alimentary mucositis, oral

mucositis, oropharyngeal mucositis (Chiappelli, 2005) and stomatitis. Oral mucositis is a

form of alimentary mucositis (Migliorati et al, 2006) known to extend from the oral

cavity to the anus (Bensadoun et al, 2006). Clinical documentation of acute OM is

categorized by oral erythema, edema, ulceration with or without bleeding, and

pseudomembrane formation (Sonis, 1998; Sonis et al, 1999; Chang & Ingham, 2003).

Erythema can present as early as 4 to 5 days after chemotherapy infusion (Scully &

Sonis, 2006). Ulceration/pseudomembrane formation occurs approximately 7 to 10 days

after chemotherapy (Scully & Sonis, 2006). Oral areas typically exhibiting these clinical

signs are the non-keratinized oral structures of buccal mucosa, maxillary labial mucosa,

mandibular labial mucosa, right and left lateral and ventral tongue, floor of mouth,

lingual frenum, and soft palate and fauces (Sonis et al, 1999; Loprinizi et al, 2004).
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Ulcerations in these non-keratinized regions allow easy access to opportunistic host

microorganisms often resulting in life-threatening secondary infections involving

bacteraemia (Donnelly et al, 2003), fungaemia and sepsis. (Sonis 1998; Chang & Ingham,

2003; Sonis, 2004). Further life-threatening consequences include epiglottitis and

hemorrhagic thrombus-associated airway obstruction. Chronic sequelae of OM include

thinning of the oral mucosa resulting in nonhealing ulcers with progressing morbidity to

soft tissue and bone necrosis (Trotti, 2000). Symptom clusters include oral pain/burning,

xerostomia, dysgeusia, (Sonis, 1998; Chang & Ingham, 2003; Spielberger et al, 2004;

Douglas & Shelton, 2004), dysphagia (Kostler et al, 2001), anorexia (Donnelly et al,

2003), and involuntary weight loss.

Scope of the Problem

Morbidity as a consequence of OM is significant (Parulekar et al, 1998). An

estimated 500,000 patients will experience OM annually (Duncan & Grant, 2003).

Approximately 40% of cancer patients receiving primary chemotherapy and 80%

receiving radiotherapy for head and neck malignancies will develop OM (Brown &

Wingard, 2004). Half of these patients will present with oral ulcerations severe enough

to require modification of cancer treatment (Sonis, 1998) therefore prolonging delay in

achieving cancer remission and impacting patient survival (Parulekar et al, 1998). At

least 75% of individuals undergoing high risk chemotherapy protocols for bone marrow

transplant will develop OM (Brown & Wingard, 2004). Ultimately, over 80% of patients

experiencing OM will encounter a level of oral pain severe enough to require narcotic

analgesic intervention (Brown & Wingard, 2004). According to Scully and Sonis (2006),
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OM has been underreported in patients with solid tumors receiving cycled chemotherapy

due, in part, to insufficient clinical evaluation of oral mucosa between chemotherapy

cycles.

Oral mucositis has also been known to occur as a result of inadequate salivary

flow in ventilator-assisted patients (Dennesen et al, 2003), although it has been

documented most frequently as an antineoplastic treatment-induced toxicity.

In a 2001 multicenter pilot study by Sonis and colleagues, 92 adult bone marrow

transplant (BMT) patients were monitored for OM severity over twenty-eight days during

hospitalization for pre-BMT chemotherapy conditioning. Compared to patients without

oral ulcerations, patients presenting with severe OM required an average of 1.9 extra days

of total parenteral nutrition, 5.8 additional days of injectable narcotic treatment, 3.4

additional days of hospitalization, and $42,749 in additional hospital charges. Elting and

colleagues (2003) also estimated intervention costs for National Cancer Institute (NCI)

grade 1-2 oral toxicity at $2725 per chemotherapy cycle and NCI grade 3-4 oral toxicity

at $5565 per cycle. Therefore, the effects of OM not only include poor quality of life but

also increased economic burden of medical care.

Antecedents

Host and environmental factors which may increase frequency, duration and

severity of OM include age (Vokes et al, 1993), gender (Sloan et al, 2000; Chansky et al,

2005), ethnicity (McCollum et al, 2002), malignancy, current cancer treatment regimen

(dose, schedule, administration route) (Chansky et al, 2005), dietary status (Raber-

Durlacher, 1999), salivary secretion, cytokine level expression, and low per cent body
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mass index (Raber-Durlacher et al, 2000). Smoking, history of antineoplastic therapy

(Avritscher et al, 2004; Jones et al, 2006) recent surgery, and uncontrolled Diabetes

Mellitus may also contribute to tissue injury (Avritscher et al, 2004; Anthony et al, 2006).

Polymorphic-influenced predisposition to OM development may explain the differences

in OM severity seen in patients receiving identical antineoplastic therapy regimens.

Age

In a retrospective analysis of data from 331 trial participants receiving

5-fluorouracil (5-FU) treatment for advanced colorectal cancer, Stein and colleagues

(1995) reported severe mucosal toxicity occurring most frequently in individuals of

advanced age (≥ 70 years).  Rocke (1993) and Cova (2004) supported this observation.  

In an earlier study, Vokes (1993) demonstrated increased incidence of OM in the elderly

(≥ 65 years) treated with a 5-fluorouracil (5-FU) regimen for head and neck cancer. This 

association was later attributed to (1) age-related reduction in the concentration of

mucosal stem cells resulting in prolonged recovery after injury, and (2) age-related

proliferation of superficial mucosal cells promoting susceptibility to chemotherapy

(Balducci & Carreca, 2003). Age-associated decline in renal function alters

pharmacokinetics and pharmacodynamics of many antineoplastic regimens thereby

increasing drug toxicity levels and ultimately affecting mucosal integrity (Balducci &

Extermann, 2000).

Children are reported to be at significant risk for antineoplastic treatment-induced

OM (Sonis et al, 1978). It has been suggested that children have a higher mucosal
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epithelial cell proliferation rate therefore placing them at greater risk for oral mucosal

injury (Avritscher et al, 2004).

Gender

In a 2000 meta-analysis by Sloan and colleagues of six OM intervention trials,

higher self-report OM severity scores and incidence rates were associated with female

trial participants. In an exploratory analysis of his research data, Okuno (1999)

documented a statistically significant increase in female-reported severe OM as compared

to male study participants. The authors were unable to suggest a possible reason for this

phenomenon.

Ethnicity

Although few studies have evaluated the impact of ethnicity on OM development,

McCollum (2002) reviewed toxicity data from 3380 patients (344 African-Americans and

3036 Caucasians) receiving 5-FU for stages II and III colon cancer. The data suggested a

significantly higher rate of OM occurring in Caucasian patients compared with African-

American patients. A possible explanation involved germline polymorphisms in genes

responsible for 5-FU metabolism including thymidylate synthase, methylene

tetrahydrofolate reductase, and dihydropyrimidine (McCollum et al, 2002). For example

in the thymidylate synthase (TS) gene, polymorphic changes can occur as 28-base pair

(bp) sequence tandem repeats in the promoter region, or a 6-bp sequence deletion in the

3’-UTR of the gene (Lenz, 2004).
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Malignancy

By the time chemotherapy treatment is initiated, malignancy-influenced TNFα, 

IL-1, and IL-6 up-regulation of the intermediary metabolic cycles proteolysis, lipolysis,

and gluconeogenesis has begun (Nebeling, 1999) thus promoting progression of cancer

cachexia. Cellular structure and function may be altered as outcomes of increased

exogenous nutrient requirements, endogenous nutrient biosynthesis demands, and tissue

nutrient store depletion (Heber et al, 1999). Fasting plasma amino acid patterns are

influenced by the type and stage of malignancy, metastasis, malignancy-associated

alterations in metabolism, weight loss, and malnutrition (Dols et al, 2006). Lee and

associates (2003) demonstrated a decrease in both essential and non-essential fasting

plasma amino acids in early stage colorectal cancer (CRC) patients as compared with

controls. Decrease in plasma amino acid levels progressed in late stage CRC cancer

patients and patients with liver cirrhosis with hepatocellular carcinoma (Lee et al, 2003).

Approximately one third of both early and late stage CRC cancer patients had a body

weight loss of more than 10% in half a year (Lee et al, 2003).

Current Cancer Treatment Regimen

Chemotherapy promotes OM toxicity by altering cellular structural integrity and

function (Duncan & Grant, 2003) by way of protein synthesis inhibition (Heber et al,

1999). Attenuation of cellular survival and proliferation follows (Heber et al, 1999).

Chemotherapeutic agents associated with OM development act during S phase

(inhibiting DNA replication), G1 phase (inhibiting protein and RNA synthesis), or M

phase (inhibiting mitosis) of the cell cycle.
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Chemotherapeutic agents are categorized as (Ziegfeld et al, 1998):

(1) alkylating agents (act by cross-linking DNA strands preventing DNA replication

and RNA transcription)

(2) anthracycline antibiotics (bind with DNA to block DNA synthesis; prevents RNA

synthesis)

(3) antimetabolites (affect DNA replication phase of the cell cycle)

(4) plant alkaloids (interfere with DNA and protein synthesis)

(5) hormones/hormone antagonist (interfere with cellular function and growth)

(6) corticosteroids (decreases inflammation by suppression of migration of

polymorphonuclear leukocytes and reversal of increased capillary permeability)

(Solimando, 2003)

(7) taxanes (inhibit normal reorganization of microtubule network necessary for

dividing cells)

(8) Tyrosine kinase inhibitors (bind to ATP binding site of tyrosine kinase, thereby

prohibiting autophosphorylation)

(9) Topoisomerase Inhibitors (inhibits DNA uncoiling and ultimately protein

synthesis)

Of these treatment categories, alkylating agents, anthracycline antibiotics,

antimetabolites, plant alkaloids and taxanes are most commonly associated with OM

development (AHFS Drug Information, 2009; Chu & DeVita, 2004; Solimando, 2005;

Parulekar et al, 1998; Scully et al, 2003).
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Approximately 80% of patients receiving the antimetabolites 5-FU, a fluorinated

pyrimidine antagonist, and folinic acid (leucovorin) will develop OM with 26%

experiencing severe ulcerative lesions (Jebb et al, 1994). Metabolism of 5-FU is involved

in thymidylate synthase inhibition. (Chansky et al, 2005). Its primary pathway of

influence is known to be binding of deoxyribonucleotide of 5-fluorodeoxyuridine

(F-dUMP) and N5-10-methylenetetrahydrofolate to thymidylate synthase to form a

complex inhibiting formation of thymidylate from uracil thereby interfering with DNA

synthesis (AHFS, 2009).

Dietary Status

Exogenous and/or endogenous nutrient deficits may increase the risk for OM

toxicity as epithelial cell regeneration is compromised (Raber-Durlacher, 1999). It is not

uncommon for exogenous nutrient intake to decrease as a result of malignant growth and

antineoplastic treatment (Donaldson & Lenon, 1979). At the time of diagnosis,

approximately 80% of patients with upper gastrointestinal malignancies have already

experienced significant weight loss (Bruera, 1997).

Body Mass Index (BMI)

In a retrospective study of 150 patients treated with chemotherapy for solid tumor

malignancies, low per cent body mass index (mean BMI 18.4 kg/m2) was associated with

increased frequency of OM development during antineoplastic treatment (Raber-

Durlacher et al, 2000).
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Salivary Secretion

Salivary hypofunction is a known precursor of chemotherapy-induced OM (Sonis

& Fey, 2002). Salivary fluids provide the mucosal protective antimicrobial components

lactoferrin, lysozyme, lactoperoxidase, and defensins in addition to the mucosal

protectants of glycoproteins, salivary immunoglobulins (sIgA and IgA), and epidermal

growth factor (Epstein et al, 2002). Decrease in salivary flow is therefore believed to

increase bacterial concentrations leading to mucosal damage. Protein-binding, lipophilic

chemotherapeutic agents such as 5-FU have been identified in the concentrated saliva of

patients receiving treatment (Epstein et al, 2002) suggesting a direct epithelial tissue

impact mechanism for chemotoxic mucosal barrier injury.

Among the known categories of human salivary proteins, proline-rich proteins

(PRPs) provide a generalized mucosal protective function in addition to mineral

homeostasis maintenance and neutralization of toxic dietary substances (Schenkels et al,

1995). Amino acids found to be in the PRPs group include proline, glycine, glutamic

acid, and glutamine (Schenkels et al, 1995).

Smoking, History of Antineoplastic Therapy, Uncontrolled Diabetes Mellitus,
and Recent Surgery

A history of smoking/use of chewing tobacco, antineoplastic treatment,

uncontrolled Diabetes Mellitus, and recent surgically-related stress may affect mucosal

integrity and the ability for cellular regeneration thereby influencing healing capacity of

oral epithelial cells (Avritscher et al, 2004; Anthony et al, 2006).
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Molecular Model

Oral Mucositis had once been considered a consequence of the non-specific

effects of direct cytotoxic injury to oral squamous epithelium affecting cell proliferation

and replacement (Sonis et al, 2004; Garden, 2003; Loprinizi et al, 2004). The associated

pathophysiology is now understood to be a dynamic multifactorial process (Sonis et al,

1999; Duncan & Grant, 2003; Sonis, 2004) involving a complex interaction of local

tissue damage, the local oral environment, the patient’s level of myelosuppression, and

the patient’s genetic predisposition to mucosal barrier injury (Woo & Treister, 2003).

Sonis, in his eloquent molecular modeling work, described clinical symptoms of mucosal

barrier injury as the observations of epithelial injury with the syndrome itself an outcome

of a cascade of complex downstream transmucosal biological events occurring

throughout the various cellular and tissue compartments of the oral mucosa (Sonis, 2004).

According to Sonis, phases of mucosal barrier injury include initiation, signaling and

amplification, ulceration with inflammation, and healing. Increased generation of

reactive oxygen species (ROS) by way of antineoplastic triggers initiates mucosal barrier

injury resulting in altered cellular, tissue, and blood vessel stability (Sonis et al, 2004).

Further influence of oxidative stress occurs with increased TNFα, IL1β, and IL-6 levels 

triggered by NF-κB upregulation of associated genes (Sonis et al, 2004). 

Proinflammatory cytokines continue to promote mucosal injury and apoptosis by

activating biomolecular pathways known to promote tissue destruction. These include the

ceramide, caspase, and transcription pathways. Adhesion molecules and T-cell mediated

oxidative stress produce an infiltrate associated with an anti-inflammatory response. The
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ulcerative phase of OM therefore is, in part, an outcome of a polymorphonuclear and

round inflammatory cell infiltrate (Sonis et al, 2004).

Assessment/ Measurement

Over the past three decades medicine, dentistry, and nursing have been

instrumental in OM severity measurement scale development. Although several OM

severity scales lack validity and reliability testing, most were developed to measure

treatment regimen or drug toxicity, assist in nursing management, and determine efficacy

of new interventions (Scully, Epstein, & Sonis, 2004). The World Health Organization

(WHO) Oral Toxicity Scale (Figure 1) is commonly used to clinically assess signs and

symptoms of OM thereby linking to the ICD-9-CM code 528.0 for stomatitis (Stiff,

2005). Nurse scoring instruments have addressed clinical and functional indicators and

were developed primarily for OM assessment and patient management (Sonis et al,

1999).

Investigators have been critical of existing OM measurement instruments as

endpoints or proximal and distal outcomes used were not sufficiently specific and

quantifiably measurable for scientific investigations (Sonis et al, 1999). The Oral

Mucositis Assessment Scale (OMAS) (Appendix E) was developed by the OM expert

panel of the Multinational Association of Supportive Care, Cancer/International Society

of Oral Oncology as an instrument claimed to be valid, reliable, and easily used for

scientific research applications (Sonis et al, 1999). Instrument sensitivity is critical as

patients receiving hematopoietic stem cell transplantation (HSCT) after undergoing high-
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dose chemotherapy and experiencing a 1-point increase in an OM score were found to be

at risk for:

(1) increase in days with fever/infection,

(2) additional days of total parenteral nutrition,

(3) increase use of intravenous narcotic analgesics,

(4) increased hospital costs, and

(5) 100-day mortality rate (Bellm et al, 2000)

Diagnosis

Oral Mucositis diagnosis is based upon clinical observation, timing and location

of oral lesions, timing of myelosuppression, type of antineoplastic treatment, and

symptomatology (Scully et al, 2006). A gold standard for OM diagnosis does not exist

(Sonis et al, 2001). Standardized diagnostic criteria linking clinical signs and symptoms

to laboratory biomarkers have yet to evolve. More specifically in the context of this

study, biomolecular associations have not yet been explicitly defined which would

characterize the complex stages of nutritional injury occurring before, during, and after

OM development and tissue recovery.

Intervention

Routine oral hygiene care, viscous lidocaine, chlorahexidine gluconate,

cryotherapy, and barrier protection agents are currently used in the treatment of OM

(McGuire, 2002; Harris, 2006). Biotene®, Caphosol® and amifostine are used to

minimize severity of xerostomia, a precursor to OM lesions. Caphosol® is a

supersaturated calcium phosphate mouth rinse which functions as a mucosal lubricant
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and thought to influence tissue repair, wound healing, and blood clotting. It is used to

treat OM experienced by bone marrow transplant patients and head and neck cancer

patients. Single or combined therapy regimens such as Miracle Mouthwash (multiple

working solution variations including dexamethasone, diphenhydramine, nystatin and

tetracycline) and Magic Mouthwash (two working solution variations including

Maalox®, Benedryl® and lidocaine) provide oral pain management and/or infection

prophylaxis (McGuire, 2002; Harris, 2006). Hematopoietic growth factors known as

granulocyte monocyte colony stimulating factor (GM-CSF) and keratinocyte growth

factor (KGF) are believed to influence cell growth and function. Palifermin (Kepivance),

a recombinant form of endogenous KGF (rhKGF), has been approved for use in patients

with diagnosed hematologic malignancies receiving autologous stem cell transplantation

(Spielberger et al, 2004). Its effectiveness has not been confirmed in non-hematologic

malignancies.

Consistency in treatment and prevention effectiveness by a single or combination

therapy remains elusive (McGuire et al, 2002; Stokman et al, 2006), and few have shown

long-term benefit in reducing severity and duration of mouth pain (Savarese et al, 2003).

According to Scully and colleagues (2003) and Sonis (2004) no universally accepted and

approved treatment protocol for antineoplastic treatment-induced OM exists. Prior to

Palifermin, scientific support of OM interventions was lacking (Kowanko et al, 1998) as

most treatments had evolved anecdotally. The lack of scientific research may be a

fundamental explanation for poor outcome consistency. According to Sonis (2004),

intervention development needs to be mechanistically-driven to effectively create and



30

target therapies. Furthermore, OM therapies must be theoretically-supported and

biomolecularly-driven to effectively target the injured biosite.

Glutamine Intervention

Enteral and parenteral L-glutamine (L-Gln) infusion has been used as systemic

approaches to OM prevention and treatment. Intestinal mucosal enterocytes are known to

benefit from the energy source supplied by L-Gln. However Savarese and associates

(2003) claimed the systemic route of L-Gln therapy, although logical in approach, has

failed to consistently demonstrate a protective effect. An L-Gln intervention targeted

directly to the oral mucosa thereby increasing local contact has been thought to improve

OM control (Savarese et al, 2003).

Few studies have attempted to evaluate effectiveness of oral L-Gln delivered in

the form of a mouthwash and targeted specifically to the oral mucosa. In one of the

original attempts, Jebb and colleagues (1994) designed a randomized double-blind,

placebo controlled crossover study using twenty-eight adults with medically diagnosed

advanced metastatic gastrointestinal malignancies receiving 5-FU-folinic acid

(leucovorin) and suffering from severe OM. Each patient received 16 grams of L-Gln or

placebo via oral rinse over eight days. Treatment effectiveness was based upon clinical

and subjective evaluations, although the authors reported no significant clinical or self-

report improvements using either L-Gln or placebo. Okuno (1999) also used a double

blind design with 134 adults patients randomized to L-Gln or placebo over fourteen days.

It was unclear as to the type and severity of malignancy. Each patient received 5-FU,

although it was not specified as to whether intravenous bolus or continuous IV infusion
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was used. Oral cryotherapy was provided prior to 5-FU infusion. Outcomes were based

upon objective and subjective oral evaluation and reports. The authors were unable to

demonstrate a significant benefit in lessening OM severity.

Criticisms of the two studies include the following:

(1) The time period of each intervention was short (8-14 days). This may suggest an

inadequate duration of intervention considering each patient’s advanced cancer status and

associated increased Gln demand.

(2) Jebb study participants presented with advanced malignancies which over time may

have promoted significant Gln skeletal muscle reserve depletion thereby resulting in

inability to maintain endogenous Gln biosynthesis.

(3) Okuno included oral cryotherapy in the study which may have decreased the

reliability of self-report data.

Skubitz and Anderson (1996), Anderson (1998), Huang (2000), and Cockerham

(2000) demonstrated a decrease in subjective OM severity and duration using L-Gln

mouthwash intervention. Each study used similar L-Gln doses, but over a longer time

period. Study sample characteristics were varied. Anderson (1998) chose a widely

heterogeneous participant cohort with respect to age and type of malignancy.

Glutamine: Mechanism of Action

Glutamine is a biologically essential amino acid (Rodwell, 2006), and functions

as a conditionally essential amino acid during physiologic stress states (Wilmore &

Shabert, 1998) including critical illness, cancer, and cardiac injury (Wischmeyer, 2003).

High rates of Gln utilization by rapidly dividing intestinal endothelial cells (Newsholme



32

et al, 1988) and epithelial cells occur in response to catabolism, inflammation, and

infection (Wilmore & Shabert, 1998). Pivotal mechanisms involved in glutamine support

of cellular integrity and proliferation include:

(1) Increased oxidative fuel generation for enterocyte, lymphocyte, macrophage, and

neutrophil proliferation by way of a reversible transaminase reaction to the citric

acid cycle (Newsholme et al, 1988; Griffiths et al, 1999). The high rate of Gln

requirement by these cells is necessary for biosynthesis of important metabolites

such as purine and pyrimidine nucleotides (Windmueller, 1982; Newsholme et

al, 1988).

(2) Increased cellular proliferation via up-regulation of MAPK signal transduction

influenced by hypoosmolarity-induced cellular swelling (Rhoads et al, 1997;

Rhoads, 1999; Rhoads et al, 2000; D’Souza & Powell-Tuck, 2004).

(3) Indirect prevention of medically or surgically relevant oxidative stress (ROS), via

glutathione (GSH) biosynthesis (Amores-Sanchez & Medina, 1999; Wessner et

al, 2003; Wasa et al, 2005). Glutamine is a rate-limiting precursor of GSH

(Wischmeyer, 2003).

(4) Attenuated proinflammatory cytokine expression (Wischmeyer, 2003).

(5) Enhanced heat shock protein 70 (Hsp70) expression (Wischmeyer, 2003; Oehler

& Roth, 2003).

(6) Activation of natural killer (NK) cell activity (Klimberg & McClellan, 1996),

production of IL-2 and IFN-gamma (Hendler & Rorvik, 2001).
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Glutamine acts as a gluconeogenic precursor, a nitrogen carrier (Wilmore &

Shabert, 1998) and donor to arginine, glutathione (GSH), and nucleotides (van der Hulst

et al, 1994; D’Souza & Powell-Tuck, 2004), an ammonia transporter, and a respiratory

fuel source driving mitochondrial ATP production.

According to Haussinger and colleagues (2001), Gln stimulates hepatocyte

osmosignaling involving MAPK pathway. After Gln is taken up by hepatocytes using

sodium-dependent system N, cell swelling occurs inhibiting proteolysis and triggering

signal transduction (Haussinger et al, 2001). Glutamine activates extracellular regulated

kinase (ERK) and Jun nuclear kinase (JNK) in addition to supporting epidermal growth

factor (EGF) signaling thereby influencing cellular proliferation and repair (Rhoades et

al, 1997; Rhoades, 1999; Rhoades et al, 2000).

Physiologic Gln levels in an unstressed mammalian model increase Hsp70

expression known to support epithelial resistance to apoptotic injury (Wischmeyer et al,

2001). Singleton and Wischmeyer (2008) demonstrated the effects of Gln on

transcription factors heat shock factor-1 (HSF-1) and Sp1 which, when glycosylated via

the O-linked glycosylation pathway (O-GlcNAc), increase Hsp70 availability as a

protective response following stress or injury. Glutamine is a rate limiting substrate in the

activity of the O-GlcNAc pathway, and its treatment is known to enhance Hsp70 by

activation of the pathway. Glutamine induces O-GlcNAc modification of Sp1 and HSF-1

which lead to nuclear translocation of these transcription factors, reciprocal

phosphorylation, and Hsp 70 gene promoter activation (Singleton & Wischmeyer, 2008).
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Glutamine: Nutriokinetics

Prekinetics

Exogenous Gln accounts for approximately 8 to 12% of total amino acid content

of dietary proteins (Biolo et al, 2004). It is estimated that 12% of whole body Gln

availability, or about 10 grams, originates from oral intake and absorption (Biolo et al,

2004). The remaining 88% is biosynthesized in tissues such as skeletal muscle. All plant

and animal proteins contain Gln and glutamate (Glu), and sufficient Gln intake depends

upon amount rather than type of protein consumed (Kohlmeier, 2003). During non-

stressed states, adequate Gln intake is achieved when total dietary protein meets

recommendations (Kohlmeier, 2003). Dietary Gln/Glu requirements or adequate Gln/Glu

intake values have not been established. (Buchman, 2006).

Absorption

After oral processing of Gln-containing proteins is completed, denaturation and

hydrolysis via hydrochloric acid, pepsin A, and gastricin occur in the gastric reservoir

(Kohlmeier, 2003). Protein breakdown continues with pancreatic and brush border

enzyme-influence (Kohlmeier, 2003).

Approximately 90 grams of Gln circulate daily in the bloodstream. Of the 90

grams, 80 grams are from endogenous body tissue synthesis (mostly from skeletal

muscle, but also from lung, liver and adipose tissue) and 10 grams from dietary intake

(Biolo et al, 2004). Transmembrane movement of systemic Gln occurs at the small

intestinal lumen mainly via the sodium-dependent neutral amino acid transport system

ASCT2 (or B0) (Bode, 2001; Kohlmeier, 2003). Intracellular and extracellular
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concentrations of neutral amino acids and sodium regulate the sensitivity of amino acid

influx through system ASCT2 to the specific membrane potential (Bussolati et al, 1992).

Amino acid/peptide absorption across the oral mucosa occurs by passive diffusion

(Senel et al, 2001). No active or carrier mediated peptide transport systems are present in

the oral mucosa except those responsible for absorption of a few amino acids such as Glu

(Mitra et al, 2006). Vesicular glutamate transporters (VGLUTs) were found to be

expressed throughout murine Merkel cells of the hard palate keratinized mucosa and

facilitated Glu transport to free nerve endings (Nunzi et al, 2004). Oral mucosal

permeability is considered greater than the epidermis and less than the intestinal mucosa

(Shojaei, 1998), although overall permeability is dependent upon the degree of tissue

keratinization (Shojaei, 1998), thickness of the oral mucosa, and molecular weight of the

peptide/protein (Senel et al, 2001). Non-keratinized regions of the oral mucosa (buccal,

soft palate, sublingual) are considerably more permeable to water than the keratinized

regions. Oral mucosal structure is composed of stratified squamous epithelium, a

basement membrane, a lamina propria, and the innermost layer known as the submucosa

(Shojaei, 1999) which is supported by vascular and lymphatic drainage (Shojaei, 1998).

Buccal mucosal epithelium is approximately 40-50 cell layers thick (Shojaei, 1999) with

the sublingual epithelium slightly less (Shojaei, 1999).

While catabolic stress states require greater than normal Gln levels, skeletal

muscle will release Gln into circulation to meet energy demands (D’Souza & Powell-

Tuck, 2004) of rapidly mitotic enterocytes, leukocytes and macrophages (Wischmeyer,

2003). Release of skeletal muscle Gln is triggered by catabolic stress-upregulated
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glucocorticoid (cortisol) levels (Muhlbacher et al, 1984; Brillon et al, 1995) which are

known to regulate glutamine transporter System N (Biolo et al, 2005). A variant of

glutamine transporter System N (SNAT3) catalyses glutamine release from skeletal

muscle (McGivan & Bungard, 2007).

Metabolism

Glutamine has a molecular weight of 146.14 (Chem Sci & Tech Lab, 2009) and

is a neutral amino acid composed of a five-carbon skeleton with two carboxyl groups,

one of which forms an amide group by binding to nitrogen (D’Souza & Powell-Tuck,

2004). The transamination reaction involving Gln and the enzyme glutaminase (GA)

provides a 3-carbon skeleton to the citric acid cycle (Glutamine Catabolism, Appendix A)

necessary for energy synthesis (Krebs, 1935; Newsholme et al, 1988; Griffiths et al,

1999; Gropper, Smith, & Groff, 2004).

Eukaryotic Gln metabolism is regulated by cytosolic transaminase GA and

cytosolic ligase, Glutamine Synthetase II (GSII) also known as glutamate--ammonia

ligase (Enzyme Commission number 6.3.1.2; uniprotkb/Swiss-Prot primary accession

number P15104). Glutamine synthetase II is the sole enzyme responsible for de novo

glutamine biosynthesis.

Catabolism of Gln to Glu and ammonia is controlled by GA, while endogenous

Gln synthesis from Glu, ammonia and citric cycle intermediates is catalyzed by GSII

(Savarese et al, 2003). Although ubiquitous in nature, the largest concentrations of

human GSII are found in brain, skeletal muscle, lung, kidney, liver, retinal tissue, and

adipose tissue. Glutamate, the most common brain neurotransmitter, regulates brain
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ammonia levels with the conversion to Gln via GSII catalysis. Because of the larger

levels of brain GSII resulting from this metabolic pathway, the majority of human GSII

research has involved brain tissue.

Glutamine biosynthesis is triggered, in part, by depleting skeletal muscle Gln

reserves. Glutamine synthetase II levels increase in order to facilitate tissue Gln level

repletion. The reversible conversion of Glu to Gln is up-regulated in an ATP-dependent

reaction catalyzed by GSII and requiring metal ions and ammonia (Glutamine

Biosynthesis, Appendix A).

Tadros et al (1993) demonstrated both exogenous and endogenous Gln

deprivation in cultured muscle cells resulted in a threefold increase in GSII activity

whereas GA activity remained unchanged. Ardawi (1988) confirmed an increase in the

rate of Gln production in skeletal muscle, a decrease in concentration of skeletal muscle

Gln, and an increase in GSII activity occurring in muscle of thermally-injured rats due to

increased demand for Gln during stress and repair. Glutamine synthetase II activity

increased by 22-40% in the thermally injured rat compared to controls. Glutamine

synthetase II abundance has yet to be defined in chemotherapy-stressed humans.

Glutamine synthetase II expression is upregulated by corticosteroids and low

concentrations of Gln-dependent metabolites (Eisenberg et al, 2000). Glutamine

synthetase II activity inhibition occurs in vitro by L-methionine sulfoxamine (MSO) via

competitive inhibition of Gln and ammonia at the active site (DeMarco et al, 1999).

Rotoli (2005) demonstrated increased apoptosis of arparaginase-resistant cells when GSII

was inhibited by MSO. Physiologic levels of Gln and Gln end-products such as
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carbamoyl phosphate, alanine, glycine, and histidine cause a cumulative feedback

inhibition of the enzyme.

Human GSII is a homooctamer with eight identical subunits each possessing an

active site for binding to carboxyl and amino groups of Glu (Meister, 1980) and to ATP

while requiring manganese Mn(II) or magnesium Mg(II) for activation (Eisenberg et al,

2000). Human brain GSII is ten times more active with Mg(II) bound than with Mn (II)

even though the enzyme affinity is greater for Mn(II) (Eisenberg et al, 2000). The

increased activity may be associated with the affinity enhancement by Mg(II) ions of the

enzyme for Mn(II) ions thus supporting the possibility of synergistic interaction between

the GSII metal ion sites (Eisenberg, 2000).

The sequence length of human GSII is 373 amino acids residues and its cDNA

coding sequence is 1119 base pairs (Gibbs et al, 1987). Human GSII is expressed by the

GLUL gene which maps onto chromosome 1 at 1q31. Depending upon the tissue and

therefore different isoforms, human GSII maintains a subunit molecular weight range of

42 to 44 kilodaltons (kDa) (Meister, 1980; Tumani et al, 1995). Other mammalian GSII

subunit molecular weights vary between 44 and 48 kDa depending on tissue isoform

(Meister, 1980).

Eight poor proline, glutamic acid, serine, threonine (PEST) motifs were found on

the human GSII enzyme at positions 14, 52, 128, 145, 189, 227, 341 and 357 indicating

weak potential for proteolytic cleavage (Institut Pasteur “Logiciels et Banques de

Données” Team and Ressource Parisienne en Bioinformatique Structurale 2009,

Appendix C).
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Predictive O-glycosylation sites on human GSII include tyrosine residues at

positions 2 and 3 (Technical University of Denmark, Center for Biological Sequence

Analysis NetOGlyc 3.1 Prediction Server, 2009, Appendix C) and positions 111 and 352

(Technical University of Denmark, Center for Biological Sequence Analysis, YinOYang

1.2 Prediction Server, 2009, Appendix C). The potential SignalP site (Technical

University of Denmark Center for Biological Sequence Analysis 2009, SignalP 1.0 Server –

prediction results for signal peptide attachment in human glutamine synthetase, Appendix

C) on human GS is the methionine residue at position 29. Since human GSII is a

cytosolic enzyme synthesized in golgi bodies and O-glycosylation sites are predictably

present on the enzyme, it appears probable that human GSII is involved in a

glycosylation posttranslational modification resulting in a significant increase in

molecular mass.

Distribution

Glutamine is the most abundant free amino acid in the body and constitutes

approximately 25% of the free amino acid pool in the extracellular fluid and more than

60% in the skeletal muscle (D’Souza & Powell-Tuck, 2004). Glutamine plasma

concentration is the highest of all amino acids in non-stressed individuals (Newsholme et

al, 1988). The main source of endogenous Gln is skeletal muscle (Newsholme et al,

1988). Exogenous Gln is catabolized by the intestinal and hepatic systems (Oehler &

Roth, 2003). Plasma Gln is available from skeletal muscle, lung and adipose tissue

synthesis (Oehler & Roth, 2003) by way of GA-mediated degradation (Charland et al,

1995). However, Gln can be synthesized within all tissues (Gropper et al, 2005).
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Excretion

The majority of Gln losses are through renal excretion (Kohlmeier, 2003).

Approximately 3.3 grams of Gln daily are filtered through the kidneys with most being

reabsorbed. The sodium-amino acid cotransport system B0 (ASCT2) participates in this

free Gln take up by proximal renal tubules (Kohlmeier, 2003).

Fecal Gln losses are negligible assuming gastrointestinal track is functioning

normally (Kohlmeier, 2003).

Glutamine Deficiency

Although Gln is released from skeletal muscle during catabolic stress, Parry-

Billings (1990) demonstrated a mean decrease of 58% of plasma Gln levels after critical

illness as compared to control values. These levels remained consistently low for 28

days. Low plasma and skeletal muscle Gln levels may reflect accelerated Gln release

from skeletal muscle and severe host depletion in all tissues (Klimberg & McClellan,

1996). Intramuscular and plasma Gln depletion is not related to impairment of the rate of

protein synthesis (Mittendorfer et al, 1999). Intramuscular Gln synthesis is unable to

maintain normal intramuscular Gln levels due to accelerated unidirectional Gln efflux

(Mittendorfer et al, 1999) to rapidly dividing cells. However as skeletal muscle Gln

reserves become exhausted, these cells are thought to experience Gln starvation (Oehler

& Roth, 2003). Profound intracellular Gln depletion is characteristic of injury and other

hypercatabolic conditions such as solid tumor malignancy (Fürst et al, 1990). Glutamine-

deprived cells are sensitive to Fas ligand-mediated apoptosis, are susceptible to impaired
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expression of Hsp70 (Oehler & Roth, 2003) and experience a reduction in GSH

concentration (Oehler & Roth, 2003) thereby promoting exposure to oxidative stress and

premature cell death.

Glutamine and Tumor Growth

Due to the known energy dependence of malignant tumors on endogenous Gln

reserves, original research had suggested a Gln-related enhancement of tumor

progression. Malignant tumors have been referred to as “glutamine traps” as Gln is the

major fuel of many rapidly growing solid cancers (Kovacevic & Morris, 1972). This was

of particular concern with Gln-supplemented enteral and parenteral nutrition. Fahr

(1994), however, proved supplemental enteral and intravenous Gln did not perpetuate

tumor growth. Klimberg (1996) supported this concept by demonstrating Gln-enhanced

tumoricidal effects of methotrexate and radiation therapy in reduction of morbidity and

mortality (Klimberg et al, 1990; Klimberg et al, 1992). Glutamine appears to decrease

solid tumor growth through immune system stimulation (Klimberg et al, 1996) via GSH

upregulation of NK cell activity.

Glutamine Toxicity, Contraindications, Precautions, Adverse Reactions

Hornsby-Lewis and colleagues (1994) used a cohort of seven adult home Gln-

supplemented total parental nutrition patients over a four-week period. L-glutamine

dosage was 0.285g/kg per day. Liver and renal function tests, blood ammonia levels,

blood glucose, alkaline phosphatase, lactic acid dehydrogenase, and amino acid levels

were monitored for toxicity levels. No control group was used. Two patients (29% of the

study sample) developed elevated liver enzymes which resolved after intravenous feeding
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discontinuation. It is known, however, that elevated liver enzymes are a potential

complication of non-Gln supplemented intravenous feedings. Since a control group

comparison was missing from the study, the actual cause remains speculative. No other

clinical signs and symptoms were reported. Ziegler (1990) demonstrated an absence of

adverse effects in small groups of health and ill adult study participants using oral L-Gln

doses as high as 40 grams daily over a 4 hour to 30 day time period.

Adverse effects or toxicity of an amino acid can be placed into the following

categories (Garlick, 2001):

(1) Direct effects: Direct effects are defined as direct consequences of the elevated

concentration in blood or target tissue (Garlick, 2001). Ziegler (1990) and Hornsby-

Lewis (1994) did not generate greater than normal plasma Gln levels as an outcome of L-

Gln supplementation dose challenges.

(2) Metabolic end products: Metabolic end product adverse effects are defined as

a large increase in the concentration of a product that might suggest the normal

metabolism of that amino acid was overloaded (Garlick, 2001). Ziegler (1990) and

Hornsby-Lewis (1994) did not produce high levels of ammonia and Glu as outcomes of

L-Gln dose challenges.

(3) Competition/antagonism: Competition/antagonism is defined as an amino

acid interfering with metabolism of another amino acid by competing for transport or for

common pathways of metabolism (Garlick, 2001). Competition/antagonism of amino

acids can be evaluated with measurement of amino acid profile of plasma/specific tissue
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(Garlick, 2001). Glutamine does not appear to alter plasma amino acid profile (Garlick,

2001) most likely due to sole use of its glutamine transporter (SNAT3).

(4) Effects on Metabolism: Effects on metabolism is defined as alterations of

metabolism by an amino acid supplement of both related and unrelated systems (Garlick,

2001). Garlick claims that L-Gln supplementation does not affect blood glucose, plasma

cholesterol or triglycerides.

(5) Hormone secretion: Large doses of certain amino acids are known to influence

hormonal secretion (Garlick, 2001). High supplemental L-Gln intake has not

demonstrated this effect (Garlick, 2001).

(6) Neurological effects: Several amino acids have been linked to neurological or

neurotoxic events. No adverse neurological status effects by L-Gln supplementation have

been detected (Garlick, 2001).

(7) Electrolyte disturbances: Glutamine treatment has not appeared to cause

electrolyte imbalances (Garlick, 2001).

(8) Effects due to impurities: In the context of parenteral nutrition, free Gln has

been shown to have limited solubility in solution (Fürst et al, 1997) and instability during

sterilization and storage (Fürst et al, 1990) resulting in liberation of pyroglutamic acid

and ammonia (Fürst et al, 1997) when solution is stored over time. Pyroglutamic acid

and ammonia formation do not occur if the solution is used immediately.

(9) Immunity: Glutamine is known to stimulate the immune system by supplying

its metabolic fuel requirements. No side effects have been documented, although it is

unknown if this immune stimulation will persist with chronic L-Gln use. (Garlick, 2001).
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(10) Clinical and physiologic signs: Clinical effects such as headache, diarrhea,

shortness of breath, abnormal heart rhythm, tachycardia, abnormal blood pressure, chest

pain, sweating, and flushing directly attributed to L-Gln use have not been documented

(Garlick, 2001).

Contraindications for L-Gln supplementation include pregnancy, breast feeding,

hepatic failure including hyperammonemia (Savarese et al, 2003) and hepatic

encephalopathy (Savarese et al, 2003), and renal failure (Hendler & Rorvik, 2001).
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CHAPTER II
THEORETICAL FRAMEWORK: NUTRITIONAL INJURY

Nutritional injury is defined as nutritional status loss and acquired loss in a

nutritional status indicator (Kelly & Kight, 1994). Nutritional status refers to the human

condition as related to the five axes of patient-specific and nutrition-sensitive

evidence/indicators gathered by performing a nutrition physical exam and nutrition

history (Kight et al, 1984; Kight, 2002):

(1) Weight/Anthropometrics

(2) Dietary/Alimentation

(3) Biochemical/Metabolic

(4) Clinical

(5) Drug

The five axes of patient-specific and nutrition-sensitive evidence/indicators refer

to the Primary dimension of Kight’s Quality Improvement Cube (QIC) which has

provided the theoretical underpinnings of this study and guides the Nine-Step Nutritional

Care Process in the evaluation of nutriologic status and support of diagnostic reasoning

(Sandrick, 2002).

Nutriologic status is the human condition as related to select nutriokinetic

functions and nutriodynamic stages of nutritional injury (Kight, 2003). Stages of

nutritional injury are conceptualizations of nutriodynamic changes in the human

condition.
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The fate of nutrients in the body over time involving the processes of absorption,

distribution, metabolism and excretion reflecting the impact of the body on nutrients is

defined as Nutriokinetics (Kight 1998, 2003). Nutriodynamics is the physiologic and

biochemical impact of nutrients and their mechanisms of action in processes which

progress nutritional injury from stage five or four or three or two to stage one (Kight,

1998, 2003, personal communication 2006). Nutriodynamics is the impact of nutrients

on the body (Kight 1998, 2003). Pathonutriology is the observation of nutritional injury

as it progresses toward its deficiency and excess ends (Kight, 1998). Antecedent variables

of nutritional injury referred to as exposured health factors influence nutritional injury

severity. Exposured health factors include agent factors, host factors and environmental

factors. Interaction of various agent, host and environmental factors influence the stage

and severity of nutritional injury.

Kight’s Nutritional Injury Model

Six stages of nutritional injury for undernutrition including antecedent factors

have been defined (Kight, 2004). Exposured health initiates nutritional injury through

agent factors, host factors, and environmental factors. These factors play a major role in

worsening nutritional injury through repeated exposures. Exposured health factors

interact throughout the stages of nutritional injury suggesting the possibility of an

increase in the severity and duration of each stage depending upon the degree/dose and

duration of the agent.

(1) Adaptation and Diminishing Reserves: the initial stage of host response to altered

nutrient intakes/increased nutrient requirements in maintenance of body protein
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and amino acid homeostasis: protein synthesis, protein degradation, amino acid

oxidation, and amino acid synthesis (Young & Marchini, 1990). According to

Waterlow, adaptation is the process that permits the organism to respond to a

dietary change without adverse consequences (Waterlow, 1985). The mechanisms

of physiological (nutritional) adaptation include the following characteristics: (a)

every adaptation is integration, (b) it maintains a steady state, (c) the steady state

is within a ‘preferred’ range, and (d) it is usually reversible if the environment

changes (Waterlow, 1995). For example, insufficient amino acid availability will

force the body to modulate polypeptide synthesis in the muscle via change in

efficiency of mRNA translation in an effort to adapt to altered protein intake and

maintain protein reserves (Young & Marchini, 1990). Alterations at the

transcriptional phase of protein synthesis will begin if insufficient amino acid

availability continues (Young & Marchini, 1990).

(2) Reserves “exhausted”: the stage at which the host is unable to maintain the

previous metabolic and biochemical adaptive mechanisms. Duration of

insufficient nutrient intake/increased nutrient requirement may eventually lead to

depleted host reserves.

(3) Physiological & metabolic alterations: the stage that represents reaction to host

nutrient depletion/alteration causing compensatory changes in metabolic cycles,

enzyme regulation, and gene expression. Examples include diminished

availability of amide-containing metabolites due to drug-induced enzyme

inhibition of amino acid resulting in altered DNA synthesis and ultimately cellular
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proliferation.

(4) Non-specific signs & symptoms: the stage occurring past the clinical horizon of

nutritional injury at which overt vague signs and symptoms emerge but are not

associated with a specific nutritional problem. It is considered to be the initial stage

of nutritional pathology. Examples include weight loss, anorexia and fatigue.

(5) Illness: the stage at which specific clinical signs and patient symptoms linked to a

specific nutritional problem are observed. Examples include xanthelasma lesions

suggestive of hypercholesterolemia, filliform papillary atrophy and koilonychia

suggestive of nutritional iron deficiency anemia.

(6) Permanent Damage: the stage at which irreversible End-Stage Nutritional

Injury (Kight) occurs resulting in a medically-classified disease. Examples include

coronary artery disease and diabetes mellitus type 2, both suggestive of end-stage

nutritional injury.

Arroyave (Young & Scrimshaw, 1979) validated Kight’s model through his

conceptual interpretation of the sequence of events and patterns of changes in the

development of clinically evident nutritional disease. The explicit placement of the

clinical horizon prior to overt nutrient deficiency-related clinical signs and symptoms

supported Kight’s model in the call for scientific-based interventions which would

compress nutritional disease to a stage long before nutritional pathology development.

Hazzard’s Reaction to Injury Theory of Atherosclerosis (Hazzard, 1986) is

another validation of Kight’s model. It explores the “Triad” of exposured factors which

impacts nutriologic status during not only the first and second stage of nutritional injury
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but throughout the entire nutritional injury process. It emphasizes the effects exposured

agents (host, chemical and inherent cell fragility) have, acting as perpetual/continuous

antecedents to initiation and acceleration of medical (atherosclerosis) disease (Hazzard,

1986). Atherosclerosis reflects the reaction to agent-induced injury, and each stage of

injury in this continuum reflects reaction-to-injury perpetuated by the preceding stage.

For the purpose of this study, reaction-to-nutritional injury is a construct under which the

concept of absence of/limited nutritional collateral systems will evolve from exposured

health agents such as drug therapy (Theory Substruction Schema, Appendix A).

Kight’s Model provides insight into nutritional injury progression as each stage of

nutritional injury is an antecedent to the next stage and an outcome of the previous stage

(Kight, 2006). The stages of nutritional injury interact with each other and are therefore

not clinically or biomolecularly isolated events. The Model provides the opportunity for

clinical reflection of each stage of nutritional injury which is necessary for effectively

targeting intervention. Nutritional intervention efficacy and effectiveness is as Kelly,

Kight, & Migliore (1995) stated “although the initial goal of intervention is guiding the

patient out of nutritional risk, the long-term objective involves moving the patient along a

wellness continuum to achieve a level of nutritional replacement that enables protection.”

Theoretical Stages of Nutritional Injury and Related Reponses during
Oral Mucositis Development (Appendix A)

Picchioni and Kight (2004, 2006) (Qicome Languaged Clinical Reasoning

Process (CRP) as Related to Exposured Health, Stages of Nutritional Injury, and Grades

of Oral Mucositis, Pre-Study Hypotheses and Post-Study Results, Appendix A) have
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defined, theoretically, nutritional injury evidence in the development of OM.

Malignancy, antineoplastic treatment, and compromised protein intake comprise the

“Triad” of continually interacting variables involved in the stages of nutritional injury

during the initiation and progression of severe oral mucosal inflammation and ulceration

(Duncan & Grant, 2003). The strength and interplay of the “Triad” may be responsible

for bioaccumulation of pathonutriologic events resulting in grades of OM severity and in

the inadequate/inconsistent patient outcomes currently seen in OM intervention.

Accumulated nutriologic stress mechanisms may result from increased demand for

intermediary metabolites resulting in deficits and increased free radical activity.

Therefore in the context of nutritional injury, it appears logical to link the nutritional

injury-specific concept of absence of and/or limited nutritional collateral systems to the

theoretical subclinical events and known overt manifestations involved in the OM

process.

Exposured Health Factors

 Solid tumor malignancies influence up-regulation of TNFα, IL-1, and IL-6 

cytokine expression which in turn promote up-regulation of intermediary metabolic

cycles including proteolysis, lipolysis, and gluconeogenesis (Heber, Blackburn, & Go,

1999). Consequences of this association include an increase in intermediary substrate

requirements and depletion of tissue nutrient stores (Heber, Blackburn, & Go, 1999).

Antineoplastic treatments attenuate protein synthesis and therefore cellular survival and

proliferation (Heber, Blackburn, & Go, 1999). Inadequate exogenous protein intake

resulting from illness and/or inadequate nutrition knowledge regarding maintenance of
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adequate nutrition during cancer treatment may result in substrate levels insufficient to

meet increased demands. Normal dietary intake of Gln is 5-10 grams daily (Hendler &

Rorvik, 2001) in well adults. During metabolic stress known to occur with malignancy

the requirement increases to 20-40 grams daily to preserve Gln homeostasis (Savarese et

al, 2003).

Sonis’ Initiation phase of mucositis (Sonis et al, 2004) may be placed in this stage

of Nutritional Injury.

Stage 1 Nutritional Injury
Adaptation and Diminishing Reserves

Adaptation to inadequate exogenous and endogenous amino acid supply occurs at

the transcriptional and the translational phase of polypeptide protein synthesis which

supports a decline in protein synthesis and utilization (Young & Marchini, 1990). Acute

changes in amino acid availability appear to limit the initiation phase of translation as

indicated by marked disaggregation of polysomes and decrease in formation of 43S

initiation complexes related with increased phosphorylation of the α-subunit of 

eukaryotic initiation factor (Young & Marchini, 1990). As the deficit in amino acid

supply continues, transcriptional phase alterations affecting protein synthesis begin

Young & Marchini, 1990).

Utilization of skeletal protein reserves and disruption of cell signaling cascade

then begin (Rhoades et al, 1997; Low et al, 1997; Rhoades, 1999; Rhoades et al, 2000;

Fumarola et al, 2001; Haussinger et al, 2001). As a result, GA levels increase to initiate

glutaminolysis thus preserving Gln homeostasis (Labow et al, 2001).
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The two phases of Sonis’ biological model referred to as Up-regulation and

Generation of Messenger Signals and Signaling and Amplification (Sonis et al, 2004)

may be placed in this stage of nutritional injury.

Stage 2 Nutritional Injury
Nutrient Reserves Exhausted

During malignancy and antineoplastic treatment, skeletal Gln reserves become

significantly diminished/depleted and cell signaling disruption increases (Groper, Smith,

& Groff, 2005) in severity/duration thereby diminishing cellular survival and

proliferation. Up-regulation/expression of GS then begins to promote endogenous

biosynthesis of Gln (Tadros et al, 1993; Labow et al, 1999; Labow et al, 2001) through

conversion of Glu to Gln using GS, ammonia, MgII/MnII, and ATP. It is this stage of

nutritional injury that increased GS abundance may be detected by GS-specific laboratory

assays, thereby compressing the clinical horizon of OM and allowing targeted treatment

to begin prior to emergence of clinical signs and symptoms.

The two phases of Sonis’ biological model referred to as Up-regulation and

Generation of Messenger Signals and Signaling and Amplification (Sonis et al, 2004)

may also be placed in this stage of Nutritional Injury.

Stage 3 Nutritional Injury
Physiologic and Metabolic Alterations as Related to Undernutrition

 Precursors of Gln biosynthesis include α-ketoglutarate, branch chain amino acids 

(leucine, isoleucine, and valine), and glutamate/ATP/magnesium (Gropper, Smith, &
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Groff, 2005). Physiologic and metabolic alterations may occur during cellular Gln

deprivation influenced by increased demands on the Gln biosynthesis pathway. Therefore

the following metabolic associated consequences of increased Gln biosynthesis are

assumed to occur:

(1) diminished availability of three-carbon skeleton

(2) increased demand on availability of citric acid cycle intermediates such as

         α- ketoglutarate 

(3) increased demand on availability leucine, isoleucine and valine

(4) increased demand on Glu/ATP/Mg (II)/Mn (II)

Again, Sonis’ two phases of Up-regulation and Generation of Messenger Signals

and Signaling and Amplification (Sonis et al, 2004) may be placed in the stage of

Nutritional Injury.

Stage 4 Nutritional Injury
Non-Specific Signs and Symptoms of Undernutrition

The clinical horizon of nutritional injury represents the discovery of

pathonutriologic-related consequences referred to as the nutritional pathology. This

clinical evidence initially presents as non-specific signs and patient symptomatology such

as pain/burning sensation, xerostomia, dysgeusia, dysphagia, anorexia, and involuntary

weight loss (Sonis, 1998; Chang & Ingham, 2003; Spielberger et al, 2004; Köstler et al,

2001; Donnelly et al, 2003). This stage of nutritional injury may be considered the latent

deficiency disease zone of nutriture described by Dann and Darby (1945) in which vague,

indefinite non-specific signs and symptoms and inadequate intake are only suggestive of
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diagnosis (Dann & Darby, 1945). This zone of nutriture can be either acute or chronic.

According to Dann and Darby, deficiency disease means any departure from health due

to lack in the body of some essential nutrient present in foodstuffs due to (1) a dietary

deficiency or (2) an increased requirement above the usual level for one of more nutrients

(Dann & Darby, 1945).

Sonis’ Ulceration with Inflammation phase of mucositis (Sonis et al, 2004) may

be placed in this stage of Nutritional Injury.

Stage 5 Nutritional Injury
Illness/Specific Signs and Symptoms of Undernutrition

Clinical signs related to OM include oral mucosal erythema, oral mucosal

ulcerations/pseudomembrane formation, (theoretical) decreased plasma Gln levels,

(theoretical) up-regulation/expression (abundance) of human buccal epithelial cell

(HBEC) GS levels. This stage of nutritional injury represents the severe clinically

manifest deficiency disease zone of nutriture (Dann & Darby, 1945). Oral

ulcerations/pseudomembrane formations are manifestations of the classical syndrome,

with clinical measurement and laboratory tests supporting a diagnosis.

Sonis’ Ulceration with Inflammation phase of mucositis (Sonis et al, 2004) may

be placed in this stage of Nutritional Injury.
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Stage 6 Nutritional Injury
Specific Damage from Undernutrition

The potential for OM progression to a disease state, or End Stage Nutritional

Injury (Kight), is significant and can include life-threatening systemic infections resulting

from opportunistic bacteria and fungal infiltration of oral mucosal ulcerations (Wilkes,

1998), airway obstruction, and soft tissue and bone necrosis.

Sonis’ Ulceration with Inflammation phase of mucositis (Sonis et al, 2004) could be

placed in this stage of Nutritional Injury.

It is this investigator’s original theory that nutritional status in cancer patients

receiving 5-FU-combination chemotherapy and experiencing OM will be defined as

(1) undesirable underweight/weight loss status,

(2) inadequate dietary total protein and glutamic acid intake,

(3) increased human buccal epithelial cell GS abundance,

(4) decreased plasma Gln,

(5) increased oral ulcerations,

(6) continuous 5-FU-influenced mucosal injury

Inadequate/altered tissue absorption, distribution and metabolism due to deficient Gln

levels resulting from compromised exogenous intake will force up-regulation of Gln

biosynthesis thereby increasing GS abundance. Known increased tissue GS abundance

will allow clinicians to compress the clinical horizon of OM to the pathonutriologic

stages of 1 or 2 nutritional status, therefore targeting Gln treatment at the biomolecular

level prior to overt symptomatology. Progression of nutriologic status to End Stage

Nutritional Injury can therefore be prevented.
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Translational Biomedical Nutrition Research and Clinical Interventions:
Deliberate Practice Status

Defining characteristics of each stage of nutritional injury occurring in OM will

lead to improved treatment(s) and outcome(s). In order to achieve this translational

practice, the biomedical nutrition clinician must possess intense, effortful, clinical

cognitive processes influenced by experience, metaknowledge, and intuition (perceptual

awareness and pattern recognition) resulting in the most consistent and appropriate

patients outcomes (Deliberate Practice Status Model, Appendix A). It will also include

the aspect of ‘carefully thought-out practice schemas/scripts’ which are influenced by

‘clarity of thought.’ ” (Picchioni, 1997) Questions regarding the level of thinking

intensity occurring during the clinician’s decision-generated interventions need to be

answered in order to systematically improve patient outcomes, make visible the

biomedical nutrition-specific expertise, and ultimately assist in adding to the substantive

and syntax of the discipline. It is suggested that the most expert practice schemas/scripts

and aesthetic patterns of knowing will produce the most consistent and appropriate

patient outcomes and greatest intensity of deliberate practice. In order to “capture” levels

of deliberate practice, these expert schemas/scripts will need to be ascertained and

documented. Taxonomies can be further developed which lead to an epistemologic

process (i.e. development of a specific body of knowledge support for the metaparadigm

of biomedical nutrition). (Picchioni, 1997) It is because of the knowledge gained by this

investigator from Kight’s Nutritional Injury Theory, Nutritional Sciences, Nursing

Theory and the associated Injury Mechanisms and Related Responses that this study

evolved.



57

CHAPTER III
RESEARCH DESIGN

Hypotheses:
There exists:

1. A positive relationship between OM severity and HBEC GS abundance.

2. An inverse relationship between HBEC GS abundance and oral L-Gln treatment.

3. An inverse relationship between OM severity and oral L-Gln treatment.

Uniqueness of the Study:
1. Use of a homogenous outpatient cohort.

2. Duration of the study (all chemotherapy cycles including 1 month after
chemotherapy completion).

3. Each participant treated as an N of 1 case study.

4. Data collection based upon the five axes of patient-specific and nutrition-sensitive
evidence/indicators.

5. Human buccal epithelial cell (HBEC) glutamine synthetase abundance Western
blot (WB) immunoassay protocol optimization and use.

6. Extension of the definition of Nutritional Injury in the context of chemotherapy-
induced OM.

7. Approved study protocol adherence consistency: study Principal Investigator (PI)
recruited study participants, collected and processed data, and completed HBEC
biosampling/preparation/immunoassays.

Study Assumptions:
1. Glutamine synthetase can be sampled from human buccal mucosal tissue.

2. Human buccal epithelial GS levels will increase during OM injury.

3. Human oral mucosa Gln nutriokinetics will be altered/limited due to
malignancy-induced proteolysis and exogenous protein intake inadequacy,
thereby triggering up-regulation of GS enzyme for Gln biosynthesis.

4. Western blot analysis will determine GS abundance in the buccal mucosa of study
participants and controls.
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5. Study participants will complete all courses of chemotherapy without
complication-related delays.

6. Study participants will complete Oral Mucositis Study with absence of attrition.

7. Study participant recruitment will occur at a rate of 2 per month.

Study Limitations:
1. Potential for study participant attrition related to severity of disease.

2. Potential for study participant self-report fatigue/sensitization.

3. Potential for participant meeting frequency fatigue.

Patients and Methods

Recruitment

The study’s research design was a randomized double-blinded crossover time

series pilot using a convenience sampling of adult oncology outpatients (maximum N of

8) recruited from the Peter and Paula Fasseas Cancer Clinic, University Medical Center

North in Tucson, Arizona. The study’s protocol was approved by the Arizona Cancer

Center Scientific Review Board. Human subject’s protection approval was granted by

the University of Arizona Human Subjects Protection Program (UAHSPP). Project

oversight was provided by the Arizona Cancer Center Data Safety and Monitoring Board

(AZCC DSMB) and UAHSPP.

Oral mucositis research has historically involved hospitalized patients. The need to

study non-institutionalized adults receiving cancer treatment and experiencing OM was

therefore recognized. The PI (Principal Investigator: Picchioni MJ) adhered to the study’s

Recruitment Process Schema (Appendix A). Patients were referred by the study’s

Responsible Physician, his Nurse Practitioner, and through self-referral. Patients meeting
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all inclusion criteria without exclusion factors were accepted into the study. Cancers

other than primary gastrointestinal malignancies were excluded. Chemotherapy regimens

other than 5-FU-based were similarly excluded.

Inclusion Criteria:
1. Female or male

2. Ability to speak, read, and write English

3. Any ethnic/racial background

4. Grade 1, 2, or 3 Oral Mucositis based upon the WHO (World Health

Organization) Oral Toxicity Scale (Table 1)

5. Diagnosed primary gastrointestinal malignancy

6. Current use of 5-FU – combination chemotherapy treatment

7. Telephone Interview for Cognitive Status (TICS) ≥ 33   

8. Karnofsky Performance Status Scale ≥ 60  

Exclusion criteria:

1. Pregnancy

2. Diagnosed Grade 4 Oral Mucositis using the WHO Oral Toxicity Scale (Table 1)

3. Current use of radiotherapy

4. Diagnosed hepatic or renal insufficiency

5. Uncontrolled Type 1 or 2 Diabetes Mellitus, A1C ≥ 7.0% 

6. Platelet count < 100,000 mm3

7. Active and untreated oral infection

8. Poor oral status prior to chemotherapy
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9. Recent (past 7 days) oral, esophageal, gastric, colon, rectal, pancreas, muscle, or

lung surgery

10. Current use of enteral or parenteral nutrition

11. Current use of amino acid supplements

12. Current use of complementary and alterative medicine therapies for OM (beta-

carotene, chamomile, vitamin E, green tea, capsaicin)

13. Current use of cryotherapy for OM treatment

14. Current participation in clinical trial for OM

15. Current use of Palifermin (Kepivance) for OM treatment

16. Current use of Amifostine (Ethyol) for xerostomia treatment

17. Current participation in clinical drug trial

18. Current participation in another investigational study

19. Current daily use of glucocorticoids

20. Current use of cigarettes, cigars, chewing tobacco
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Table 1. World Health Organization (WHO) Oral Toxicity
Scale (WHO Handbook for Reporting Results for
Cancer Treatment. Geneva, Switzerland:
World Health Organization: 1979)

The PI conducted the initial eligibility screening using the approved telephone

interview protocol (Appendix E). Review of the patient’s oncology medical record

occurred only if the patient passed the initial screening, and she/he provided written

authorization to the PI allowing oncology medical record review. Upon successful

recruitment, a written letter of study acceptance was mailed to the study participant and

to the study participant’s Oncology provider (Appendix E). Notification of patient

recruitment was provided to the AZCC DSMB. Detailed explanations of the Subject’s

Consent form (Appendix F) and the Form for Use and Disclosure of Protected Health

Information for Research (Appendix F) were provided to each study participant during

the initial recruitment meeting. Signed consent forms were stored in a designated locked

file cabinet, room 309 Program Coordinator for Research, Department of Nutritional

Sciences.

In order to more completely evaluate WB outcomes of the study participants,

recruitment of three non-cancer diagnosed individuals and three cancer-diagnosed
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patients receiving the same chemotherapy as the study participants, but not experiencing

OM, was completed. A one-time HBEC biosampling and WB analysis was done for each

control recruit. The study PI met with each of the controls and discussed the purpose of

the biosampling. As per Human Subjects protection requirements, the controls were

given and subsequently signed the Subject’s Consent Form and the Form for Use and

Disclosure of Protected Health Information for Research. Signed consent forms were

stored in a designated locked file cabinet, room 309 Program Coordinator for Research,

Department of Nutritional Sciences

Control of External Validity

The following strategies were used to support generalizability of the study:

1. Limit study participant sample to grades 1, 2, and 3 OM based upon the World

Health Organization (WHO) Oral Toxicity Scale (Table 1) to control for severity

level potentially requiring increased study treatment intervention dosing, timing,

and duration.

2. Limit study participant sample to adults between the ages of 21 and 70 to control

for differences in mucosal stem cell concentration, cellular proliferation rate, and

renal chemotoxin excretion function.

3. Limit antineoplastic treatment to 5-FU combination chemotherapy treatment in

order to control for antineoplastic treatment-influenced severity confounding

variables.
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4. Telephone Interview for Cognitive Status (TICS) ≥ 33 to control for study 

participant’s ability to following directions and provide accurate assessment of

oral pain, swallowing ability, and food intake (Brandt & Folstein, 1987, 2000).

5. Karnofsky Performance Status Scale ≥ 60 to control for study participant’s ability 

to physically comply with study requirements (Karnofsky et al, 1948).

6. Adhere to Data Collection Protocol (Appendix B).

7. Adhere to Sonis’ Oral Mucositis Assessment Scales – Objective and Subjective

(Sonis et al, 1999), (Appendix E).

8. Adhere to Human Buccal Epithelial Cell Biosample Collection and Preparation

Protocol (Picchioni, Goll, & Thompson, 2004-2005), (Appendix B).

9. Adhere to Detection of Glutamine Synthetase Abundance in Human Buccal

Epithelial Cells: A Western Blot Protocol (Picchioni, Goll, Hartshorne, &

Thompson, 2004-2009), (Appendix B).

10. Adhere to standard Western Blot immunoassay protocol and protein assay

protocol (Dr. Darrel E. Goll, PhD, Muscle Biology Laboratory, Department of

Nutritional Sciences, The University of Arizona, Tucson).

11. Adhere to Physical Examination, Written Documentation and Photography of the

Oral Mucosa in Adult Cancer Outpatients with Grades 1, 2, and 3 Oral Mucositis:

A Protocol for Daily In-Home Clinical Procedures (Picchioni & Kight)

(Appendix B).

12. Adhere to Clinical Trial Schema (Picchioni, Moore, & Hepworth, 2006),

(Appendix A).
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13. Adhere to Randomization of Experimental and Placebo Interventions Protocol

(Picchioni & Reed, 2006), (Appendices A and B).

14. Adhere to L-Glutamine Dosing Protocol (Anderson et al, 1998), (Picchioni &

Reed, 2006), (Appendix B).

15. Adhere to Initial Statistical Analysis Procedures Schema (Picchioni, Moore, &

Hepworth ), (Appendix A).

Control of Internal Validity

In order to assure accurate communication and comprehension between the PI and

study participants thereby supporting collection of valid and reliable data, the study was

limited to individuals who could speak, read, and write English. To prevent historical

confounders from affecting the dependent variables, exclusion factors were enforced.

Methods

Data Collection

The PI met daily with each study participant during chemotherapy treatment

cycles in addition to one month after chemotherapy completion. The PI collected daily

data (Daily Data Collection Form, Appendix E) consisting of clinical oral examination

and lesion measurement, participant mouth pain and swallowing ability self-report, food

intake, and current drug status. The PI collected weekly data consisting of weight, per

cent body mass index, and HBEC biosamples. Plasma amino acid quantitative levels

(Appendix C) were drawn by phlebotomists biweekly at study treatment crossover and

chemotherapy infusion.
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Human Buccal Epithelial Cell (HBEC) Biosample Collection and Preparation Protocol
(Appendices A and B)

Three of the study’s assumptions were based upon the known increase in muscle

cell GS levels during Gln depletion and tissue injury (Tadros et al, 1993; Ardawi, 1998).

It was assumed that (1) GS could be sampled from the human oral mucosa, (2) changes in

human oral mucosal GS levels could occur during OM injury, and (3) Gln substrate

availability to human oral mucosa would be absent and/or limited due to malignancy-

induced proteolysis and exogenous protein intake inadequacy thereby triggering up-

regulation of GS enzyme for Gln biosynthesis. Western blot detection of GS abundance

in the oral mucosa would provide a more definitive understanding of the potential for

localized oral mucosal Gln deficiency.

Of the several possible oral mucosal regions that could be used for biosampling,

the buccal mucosa was selected as it provided the largest oral non-keratinized mucosal

surface area. In comparison with the upper and lower lips, the ventral and lateral sides of

the tongue, and the sublingual space, the buccal mucosa allowed access to greater protein

abundance as was determined during optimization of the study’s HBEC biosampling

protocol.

Human buccal epithelial cell biosampling of each study participant was completed by

the PI at baseline, three days after baseline, and then every seven days according to the

HBEC Biosample Collection and Preparation protocol (Picchioni, Goll, & Thompson,

2004-2005, Appendices A and B). Protective care preparations (handwashing, gloves,

mask, gown, shoe covers) were used. Study participants were instructed to thoroughly

rinse their mouths with bottled water immediately before biosample collection in order to
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eliminate food particles and salivary proteins. Buccal mucosal tissue biopsies were

collected from non-injured buccal epithelial tissue using foam swabs (Catch-All™

Sample Collection Swabs, Epicentre Biotechnologies). Two biosamples were each taken

from the right and left buccal mucosal regions (HBEC Biosampling Schema, Appendix

A). Each HBEC biosample was added to 450ml 1xSDS sample buffer solution containing

4.5ul Protease Inhibitor Cocktail (PIC) (1ul PIC: 100ul 1 x SDS) (P8340: serine

proteases, aminopeptidases, cysteine proteases, and acid proteases - Sigma-Aldrich®) in

an effort to avoid proteolytic band formation. Although Mobyle ePESTfind predicted

poor potential for proteolytic cleavage sites on the human GS enzyme, this investigator

found evidence during protocol optimization for WB band proteolysis. The decision was

made by PI and her WB protocol advisors (Goll & Thompson) to add PIC to each HBEC

biosample solution.

After biosampling, the swab foam tips were separated from the applicator ends using

laboratory scissors leaving the swab foam tips in the denaturing solution. Human buccal

epithelial cell biosamples were heated in a Multi-Blok heater at 100o C for 10 minutes.

The foam swab tips were removed from the denaturing solution with laboratory forceps

and discarded into a designated hazardous waste container. The HBEC biosamples were

then either desalted and delipidated or stored at -20o C until concentration procedures

could be completed.

Detection of Glutamine Synthetase Abundance in Human Buccal Epithelial Cells: A
Western Blot Protocol (Appendices A and B)

A WB immunoassay of each study participant’s HBEC biosample was completed

according to the Detection of Glutamine Synthetase Abundance in Human Buccal
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Epithelial Cells Western Blot Protocol (Picchioni, Goll, Hartshorne, & Thompson, 2004-

2009, Appendices A and B). Polyacrylamide gels (12.5% tall, 1mm; 30% acrylamide,

0.8% bisacrylamide) were prepared according to protocol and allowed to set overnight at

4o C prior to electrophoresis. The HBEC biosamples were desalted and delipidated

according to Invitrogen Protocol for Sample Preparation and Electrophoresis. Desalting

and delipidation procedures were used to remove potential confounders during

immunodetection. Total protein concentrations were estimated using Karlsson’s method

for protein assay in laemmli buffer (Karlsson et al, 1994). An aliquot of each HBEC

biosample containing at least 1ug of whole protein was carefully loaded into

predesignated gel wells of the 12.5%, 1mm SDS Tris-glycine tall gel and separated

electrophoretically under denaturing conditions at 150 volts and 200 mAmps for 2 hours

and 20 minutes. A 5ul (5.56ug) protein load of prestained bovine cardiac myofibril

(Muscle Biology Laboratory, Department of Nutritional Sciences, The University of

Arizona) was used as the molecular weight comparison. A 7.5ul (18.75ug) protein load

of rat brain extract (sc-2392, 500ug/200ul, Santa Cruz Biotechnology) was selected as the

positive control. After electrophoresis, the gel was placed in 15% HPLC-grade methanol

transfer buffer solution for 20 minutes to allow for equilibration. Gel blot paper was also

presoaked in the same transfer buffer solution. Use of the HPLC-grade methanol

throughout the WB protocol was thought helpful in the elimination of WB background

artifacts. The proteins were then transferred electrophoretically at 200 volts and 80

mAmps onto a polyvinylidine difluoride (PVDF) membrane (ISEQ20200, Millipore

Immobilon® PSQ Protein Sequencing Membrane) for 1 hour and 30 minutes using a



68

semi-dry transfer unit (TE 90 Semiphor, Hoefer Scientific). MemCode™ Reversible

Protein Stain Kit for PDVF membranes (Thermo Fisher Scientific) was used to document

successful transfer of the proteins onto the PVDF membrane and to determine band

locations and characteristics. The gel was then stained with a succession of Coomassie®

Blue, Quick Destain, and Regular Destain in order to document adequate transfer of

proteins onto the PVDF membrane. An initial blocking solution of 50ml 3xTTBS and 5%

Carnation® Instant Dry Milk Powder was added to the PVDF membrane. The membrane

was then incubated at room temperature on a rocking platform for one hour. The PVDF

membrane was then probed with a murine monoclonal GS antibody with cross-reaction to

human glutamine synthetase protein corresponding to amino acids 274-374 (Ab 64613

mouse monoclonal to glutamine synthetase, Abcam Inc.) The primary antibody had been

diluted 1:2500 in 1% bovine serum albumin and 20% Tris-Buffered Saline containing

Tween20®. The PVDF membrane was incubated overnight at 4o C. After incubation,

the PVDF membrane was washed 4 x with 20ml 3xTTBS to eliminate any unbound

antibody-antigen complex. A horseradish peroxidase conjugated rabbit anti-mouse

polyclonal IgG – H&L secondary antibody (Ab6728, Abcam Inc.) diluted 1:5000 in 1%

bovine serum albumin and 20% TTBS was then added to the PVDF membrane and

incubated at room temperature on a rocking platform for 1 hour. After washing x 4 with

20ml 3xTTBS, 8mls (4:4) of chemiluminescence working solution (Lumigen PS-Atto,

Lumigen, Inc.) was added to the PVDF membrane and incubated at room temperature on

a rocking platform for 5 minutes. One-minute image analysis of the PVDF membrane

was completed using the BioChemi Image Acquisition and Analysis System, UVP
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BioImaging Systems. Integrated optical density with joining valley correction was

determined using UVP BioImaging Systems Labworks Image Acquisition Analysis

software.

Amino Acids Quantitative, Plasma (ARUP Laboratory Reference Code 0080700)
(Appendix C)

Plasma amino acid quantitation phlebotomy was completed biweekly on the day

of chemotherapy at the Peter and Paula Fasseas Cancer Clinical Laboratory, University

Medical Center North, Tucson, Arizona. Three milliliters of whole blood were collected

from each study participant’s central venous access device (port) and placed in a 3ml

green (sodium or lithium heparin) tube. Separation of plasma from the whole blood was

completed, and 0.5 milliliters of plasma were frozen immediately. The specimen was

submitted in an ARUP Standard Transport Tube to ARUP Laboratory (University of

Utah) for ion exchange chromatography. Ion exchange chromatography was done using

the Biochrom 30 Amino Acid Analyzer which functions using the continuous flow

chromatography protocol developed in 1958 by Spackman, Moore and Stein (Biochrom

Ltd., 2009). The plasma sample containing amino acids is loaded into a column of cation-

exchange resin (Biochrom Ltd., 2009). Buffers of varying pH and ionic strength are

pumped through the column to separate the amino acids (Biochrom Ltd., 2009). Column

eluent is mixed with ninhydrin reagent which reacts with each amino acid to form

colored compounds(Biochrom Ltd., 2009). The amount of colored compound produced is

directly proportional to the quantity of amino acid present in the eluate (Biochrom Ltd.,

2009).
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Physical Examination, Written Documentation and Photography of the Oral Mucosa in
Adult Cancer Outpatients with Grades 1, 2, and 3 Oral Mucositis: A Protocol for Daily
In-Home Clinical Procedures (Appendix B)

Each study participant’s oral mucosa was examined daily by the PI according to

protocol - The Physical Examination, Written Documentation and Photography of the

Oral Mucosa in Adult Cancer Outpatients with Grades 1, 2, and 3 Oral Mucositis: A

Protocol for Daily In-Home Clinical Procedures (Appendix B). Protective care

preparations (handwashing, gloves, mask, gown, shoe covers) were used. An illuminated

viewer, MirrorLite Illuminated Mouth Mirror, Welch Allyn LumiView Portable

Binocular Microscope Head Mount, Welch Allyn 2.5 v HPX Halogen Professional

Penlight were used to thoroughly assess upper and lower labial mucosa, right and left

buccal mucosa, soft palate and fauces, hard palate, right and left lateral and ventral

tongue, and sublingual space. Documentation of size and severity of erythema and

ulcerations/pseudomembrane lesions was done using the Oral Mucositis Assessment

Scale - objective (OMAS) instrument (Sonis et al, 1999) (Appendix E). A Nikon

Coolpix 4300 Digital camera with SL-1 Macro Cool-light Flash was used in close-up

photography of each oral region. Canfield Management software was used to manage and

compare oral photographs of each study participant.

Self-report of oral pain and swallowing ability (Appendix E)

Self-report of oral pain and swallowing ability was completed daily by each study

participant using the Oral Mucositis Assessment Scale - subjective (OMAS) instrument

(Sonis et al, 1999) (Appendix E). Proper method of form completion was presented to
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each study participant by the PI, with each study participant then demonstrating her

understanding of the questions.

Oral Mucositis Study Intervention

A Registered Pharmacist (RPh) from a local free-standing compounding

Pharmacy (Reed’s Compounding Pharmacy, Tucson, Arizona) was selected as the

study’s Pharmacist Consultant (PC). The PC would randomly assign each study

participant to one of two Treatment Sequences (A or B) in the order each was formally

admitted to the study (Clinical Trial Schema, Appendix A). No formal treatment washout

period was included. Prior to study participant treatment assignments, a pharmacy

technician from the same pharmacy was selected by the PC to randomly assign the

contents of each intervention (L-Gln or placebo – maltodextrin) to either Intervention 1

or Intervention 2. This information was kept in a sealed envelope in the pharmacy’s

locked safe until the study was completed. The PC was blinded only to the contents of

Interventions 1 and 2, but was fully aware of which study participants received

Treatment Sequence A and Treatment Sequence B. The study’s PI, Co-Principal

Investigators, Collaborators and Research Assistant were blinded as to the contents of

Interventions 1 and 2 and to Treatment Sequence Assignments. The PC calculated

invention doses (1gm/m2/dose swish, four times daily, Anderson et al, 1998) using the

Adult Body Surface Area Nomogram (DuBois & DuBois, 1916). Size 00, 2cm gelatin

capsules were used to fill and compress the dosed interventions. L-Glutamine

(R014C0070008), Lot R014C007) was purchased in 1 kilogram containers through

Ajinomoto AminoSciences, LLC (4040 Ajinomoto Drive, Raleigh, North Carolina
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27610). Maltodextrin (placebo) was purchased through Professional Compounding

Centers of America (Houston, Texas).

Instructions for the study’s intervention (Appendix B) were given to each

study participant by the PI during the initial meeting. Each study participant was

instructed to use the intervention mouthwash 4 times daily, and to hold the mouthwash in

her mouth for 3 minutes before swallowing. The PI delivered the intervention to each

study participant in order to support timeliness of intervention compliance. Proper

intervention preparation techniques were presented, with each study participant

demonstrating her understanding of the protocol.

Weight and Height Status: Oral Mucositis Study Participant In-Home Weight
Measurement Protocol (Appendix B), Oral Mucositis Study Participant In-Home Height
Measurement Protocol (Appendix B)

The PI weighed each study participant every seven days using the Large Platform

Healthometer ProSeries Scale. The scale was calibrated at each weighing using a

precision stainless steel two-pound weight. Each participant’s height was measured at

baseline by the PI using the Seca 214 Portable Stadiometer.

Dietary intake

The PI instructed each study participant as to the method of completing the Oral

Mucositis Study Participant Food Intake Form (Appendix E). Daily food intake data was

then collected by the PI and processed. Nutrient calculations were completed by the PI

using the NutriBase Clinical Edition software program.
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Adverse Events and Serious Adverse Events (Adverse Events Action Protocol,
Appendix B; Adverse Events Documentation Form, Appendix E)

The study’s PI and Co-Investigatory team (Co-Principal Investigators) were

responsible for monitoring and grading Adverse Events (AE) occurring in the research

cohort. Adverse Events were graded relative to an increase or decrease from baseline

(Common Terminology Criteria for Adverse Events v3.0 CTCAE, Publish Date: August

6, 2006).

Any unfavorable and unintended clinical sign (e.g. worsening of OM by 1 greater

category) and/or unfavorable and unintended symptom (increased mouth pain and/or

swallowing difficulty, gastrointestinal bloating, anorexia, and involuntary weight loss)

would be considered an AE. For the purpose of this study, the following AEs were

included but not limited to:

Adverse Event Short Name Grade 1 Grade 2
Anorexia Anorexia Loss of

appetite
without
alteration in
eating habits

Oral intake altered
without significant
weight loss or
malnutrition; oral
nutritional supplements
indicated

Constipation Constipation Occasional of
intermittent
symptoms;
occasional use
of stool
softeners,
laxatives,
dietary
modification,
or enema

Persistent symptoms,
with regular use of
laxatives or enemas
indicated

Distention/bloating,
abdominal

Distention Asymptomatic Symptomatic, but not
interfering with GI
function

Dry mouth/salivary gland Dry mouth Symptomatic Symptomatic and
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(xerostomia) (dry or thick
saliva) without
significant
dietary
alteration

significant oral intake
alteration (e.g., copious
water, other lubricants,
diet limited to purees
and/or soft, moist foods

Dysphagia
(difficulty swallowing)

Dysphagia Symptomatic,
able to eat
regular diet

Symptomatic and
altered
eating/swallowing (e.g.,
altered dietary habits,
oral supplements); IV
fluids indicated <24
hours

Fatigue (asthenia,
lethargy, malaise)

Fatigue Mild fatigue
over baseline

Moderate or causing
difficulty performing
some activity of daily
living (ADL)

Fever (in the absence of
neutropenia, where
neutropenia is defined as
ANC <1.0 x 109/L)

Fever 38.0-39.0°C
(100.4-
102.2°F)

>39.0-40.0°C
(102.3-104.0°F)

Mood alteration Mood
alteration

Mild mood
alteration not
interfering with
function

Moderate mood
alteration interfering
with function, but not
interfering with ADL;
medication indicated

Mucositis/stomatitis
(clinical exam): Oral
cavity

Mucositis
(clinical exam)

Erythema of
the mucosa

Patchy ulcerations or
pseudomembranes

Mucositis/stomatitis
(functional/symptomatic):
Oral cavity

Mucositis
(functional/
symptomatic)

Upper
aerodigestive
tract sites:
Minimal
symptoms,
normal diet;
minimal
respiratory
symptoms but
not interfering
with function

Upper aerodigestive
tract sites: Symptomatic
but can eat and swallow
modified diet;
respiratory symptoms
interfering with
function but not
interfering with ADL

Pain:
Oral cavity

Pain:
Oral cavity

Mild pain not
interfering with
function

Moderate pain; pain or
analgesics interfering
with function, but not
interfering with ADL
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Taste alteration
(dysgeusia)

Taste alteration Altered taste
but not change
in diet

Altered taste with
change in diet (e.g., oral
supplements); noxious
or unpleasant taste; loss
of taste

Weight loss Weight loss 5 to <10% from
baseline;
intervention not
indicated

10-<20% from baseline;
nutritional support
indicated

The PI was responsible for documenting each AE in writing and delivering it to

the Arizona Cancer Center Data Safety and Monitoring Board (AZCC DSMB), the

University of Arizona Human Subjects Protection Program (UAHSPP), MedWatch

Online Voluntary Reporting Program, and the study’s Co-Investigatory team within five

days of notification of occurrence. The PI was responsible for submitting a letter detailing

data/time of the event, project number, project title, subject code identification,

description of the event, location, treatment if any, causality assessment, and whether

local subjects of consent instruments are affected. Attribution would be assigned to each

documented AE using the Common Terminology Criteria for Adverse Events v3.0

CTCAE, Publish Date: August 6, 2006.

The AE was to be documented in the study’s AZCC DSMB Quarterly Report. If

an event trend emerged, the PI was prepared to temporarily suspend the study if

recommended by the AZCC DSMB, the UAHSPP, and the study’s Co-Investigatory

team.
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For the purpose of this study, the following SAEs were included but not limited

to:

Severe Adverse Event Short Name Grade 3 Grade 4 Grade
5

Anorexia Anorexia Associated with
significant weight
loss or
malnutrition (e.g.,
inadequate oral
calorie and/or fluid
intake): IV fluids,
tube feedings or
TPN indicated

Life-
threatening
consequences

Death

Constipation Constipation Symptoms
interfering with
ADL; obstipation
with manual
evacuation
indicated

Life-
threatening
consequences
(e.g.,
obstruction,
toxic
megacolon)

Death

Distention/bloating,
abdominal

Distention Symptomatic,
interfering with GI
function

-- --

Dry mouth/salivary gland
(xerostomia)

Dry mouth Symptoms leading
to inability to
adequately aliment
orally; IV fluids,
tube feedings, or
TPN indicated

-- --

Dysphagia
(difficulty swallowing)

Dysphagia Symptomatic and
severely altered
eating/swallowing
(e.g., inadequate
oral caloric or
fluid intake); IV
fluids, tube
feedings, or TPN
indicated ≥ 24 
hours

Life-
threatening
consequences
(e.g.,
obstruction,
perforation)

Death

Fatigue (asthenia,
lethargy, malaise)

Fatigue Severe fatigue
interfering with
ADL

Disabling --
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Fever (in the absence of
neutropenia, where
neutropenia is defined as
ANC <1.0 x 109/L)

Fever >40.0°C
(>104.0°F) for ≤24 
hours

>40.0°C
(>104.0°F)
for >24 hours

Death

Mood alteration Mood
alteration

Severe mood
alteration
interfering with
ADL

Suicidal
ideation;
danger to self
or others

Death

Mucositis/stomatitis
(clinical exam): Oral
cavity

Mucositis
(clinical
exam)

Confluent
ulcerations or
pseudo-
membranes
bleeding with
minor trauma

Tissue
necrosis;
significant
spontaneous
bleeding;
life-
threatening
consequences

Death

Mucositis/stomatitis
(functional/symptomatic):
Oral cavity

Mucositis
functional/
symptomatic

Upper
aerodigestive tract
sites: Symptomatic
and unable to
adequately aliment
or hydrate orally;
respiratory
symptoms
interfering with
ADL

Symptoms
associated
with life-
threatening
consequences

Death

Pain:
Oral cavity

Pain:
Oral cavity

Severe pain; pain
or analgesics
severely
interfering with
ADL

Disabling --

Taste alteration
(dysgeusia)

Taste
alteration

-- -- --

Weight loss Weight loss ≥20% from baseline; 
tube feeding or TPN
indicated

-- --

The PI was responsible for documenting each SAE in writing and delivering it to

the AZCC DSMB, the UAHSPP, MedWatch Online Voluntary Reporting Program, and

the study’s Co-Investigatory team within twenty-four hours of notification of occurrence.

The PI was responsible for submitting a letter detailing data/time of the event, project
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number, project title, subject code identification, description of the event, location,

treatment if any, causality assessment, and whether local subjects of consent instruments

were affected. Attribution would be assigned to each documented SAE using the

Common Terminology Criteria for Adverse Events v3.0 CTCAE, Publish Date: August

6, 2006. The SAE would be documented on the study’s Quarterly Report form to the

AZCC DSMB. The study’s PI would be prepared to temporarily or permanently suspend

the study.

Data Analysis
An interrupted time series analysis with treatment crossover at each of three

chemotherapy cycles and at chemotherapy completion was used to begin determination

of L-Gln treatment efficacy overtime and exploration for biochemical and clinical

predictive patterns. Time series exploration of OM severity and GS abundance, GS

abundance and duration of L-Gln treatment, OM severity and duration of L-Gln treatment

for example would compare data to baseline data and the previous days. Time series data

analysis is a quasi-experimental approach to evaluating the effectiveness of interventions

(Hepworth et al, 1994) and determining causal relationships (Hepworth et al, 1994). It

will be helpful in observing for immediate or delayed step changes (Chatfield, 2004) in

the dependent variables such as OM severity and HBEC GS abundance resulting from L-

Gln intervention over time.

Statistical Analysis

Due to the nature of this study (small n, large data set, time series crossover

design) the study’s PI, Co-Advisor, and statistician agreed that the statistical pathway

should produce the first data analysis including frequencies, descriptives, crosstabs,
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paired t-Tests, Kendall-tau b correlations, and repeated measures. (Appendix A). SPSS®,

Inc. Grad Pack 17.0 with Advanced Statistics module was used for statistical analysis.

The study would be considered three N of 1 studies (Guyatt et al, 1990), whereas each

study participant’s outcomes would be evaluated individually in the context of nutritional

injury. As stated by Twomey (1997), using a patient as his own control over time with

blinded interventions would result in a scientifically rigorous and ethically satisfying

study.
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CHAPTER IV
RESULTS

Study Participants

A total of seven patients were referred to the study over a period of six months

with three meeting all of the study criteria. Because CRC cohort 5-FU treatment

regimens were given as continuous 48-hour infusions rather than the traditional bolus,

toxicity events were reduced in number and/or severity. The referring Oncology

providers therefore found a smaller number than anticipated of patients reporting oral

sores.

Table 2. Study Entry Data from Three Recruited Study Participants

Study
Participant
Identifier
Code

Age
upon
study
admission
(years)

Gender Ethnicity Cancer
Diagnosis

Chemotherapy Oral Mucositis
Grade upon
study
admission

32683 61 Female Caucasian Colorectal,
Stage 4

5-Fluorouracil
with Irinotecan,
Leucovorin

2 (moderately
severe: oral
erythema,
buccal ulcers)

41629 68 Female Hispanic Colorectal,
Stage 4

5-Fluorouracil
with Irinotecan,
Leucovorin

2 (very severe:
oral erythema,
tongue and
buccal ulcers
with pain)

42092 69 Female Caucasian Colorectal,
Stage 4

5-Fluorouracil
with Irinotecan,
Leucovorin

1 (mild;
erythema tip of
tongue, upper
and lower lips,
and fauces)
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Controls

Three non-diagnosed cancer participants were recruited for a one-time buccal

epithelial cell biosampling. One diagnosed cancer participant receiving FOLFIRI

chemotherapy but without OM was successfully recruited. The study PI met with each

control and discussed the purpose of the biosampling. As per Human Subjects

requirements, the study PI provided detailed explanations of the Subject’s Consent form

and the Form for Use and Disclosure of Protected Health Information for Research to

each study participant during the initial recruitment meeting. Signed consent forms were

stored in a designated locked file cabinet, room 309 Program Coordinator for Research,

Department of Nutritional Sciences.

The PI collected and processed 4 HBEC biosamples from each control in

compliance with the Human Buccal Epithelial Cell (HBEC) Biosample Schema

(Appendix A), the Human Buccal Epithelial Cell (HBEC) Biosample Collection and

Preparation protocol (Appendix B) and the Detection of Glutamine Synthetase

Abundance in Human Buccal Epithelial Cells: A Western Blot protocol (Appendices A

and B). One WB with 6 lanes of protein from the 4 HBEC biosamples was completed for

each control. Protein transfer was confirmed using the Thermo Fisher Scientific

MemCode™ Reversible Protein Stain Kit (PVDF membrane, Appendix D).
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Table 3. Study Entry (one-time) Data from Three Non-Diagnosed Cancer Control
Participants

Non-Cancer Control
Identifier

Age (years) Gender Ethnicity

A 56 Female Hispanic
B 65 Male Hispanic
C 67 Male Caucasian

Table 4. Study Entry (one-time) Data from One Cancer Diagnosed Control Participant

Cancer Control
Identifier:

Age (years) Gender Ethnicity Cancer
Diagnosis

Chemotherapy

D 65 Male Caucasian Colorectal,
Stage IV

5-Fluorouracil
with Irinotecan,
Leucovorin

UVP Imaging software was used to measure integrated optical density (IOD) with

joining valley correction representing enzyme abundance. The range of integrated optical

density levels (Table 5) in non-diagnosed cancer controls was 32361 to 148,000. No

detectable band was observed in the cancer control, and therefore IOD could not be

determined. Visual inspection of Western blots supported this finding.

Bands at approximately 55 and 65 kDa were observed in every non-diagnosed

cancer control WB and in 41% of the study participant Western blots.

A strong band observed at approximately 23 kDa in study controls and participants

was originally though to be a product of proteolytic degradation. It was determined to be

a secondary antibody cross reaction discovered after the membrane was probed only with

the secondary antibody.
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Table 5. Human Buccal Epithelial Cell Glutamine Synthetase
Abundance in Non-Diagnosed Cancer and Cancer Control
Participants Measured as Integrated Optical Density (IOD)

Non-Cancer

Patient

IOD Range IOD Mean

A 58299.00-64766.00 60603.00

B 32361.00-40376.00 35767.33

C 118000.00-148000.00 134330.00

D 0.00-49.38 16.46

Washout Period

No formal treatment washout period had been included in the research

protocol. However, after review of the subjective oral pain reports the nonprotein-based

placebo (maltodextrin) may have also functioned as a washout period (Table 6).
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This data demonstrate a degree of intervention washout of between one and seven

days, depending upon oral mucositis severity. It is uncertain as to the time needed for

tissue Gln replenishment. The half life of Gln in dipeptide form (L-Alanyl-L-Gln)

measured in acutely ill intensive care unit patients is 0.15 to 0.63 hours (Berg et al, 2005).

The very nature of passive buccal epithelial absorption may limit Gln absorption and

therefore increase the length of a washout period.

Table 6. Time of Oral Mucositis Recovery During Transition from Placebo
to Glutamine; Time of Oral Mucositis Worsening During
Transition from Glutamine to Placebo

Recovery Worsening
Transition Transition
from from
Placebo to L-Glutamine

Participant OM Grade L-Glutamine to Placebo

32683 2, moderate 2 days 4 to 5 days
to severe

41629 2, severe 7 days 1 day
42092 1, mild 1 day 1 to 3 days
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Three N of 1 Case Studies

Study Participant 32683 (study participation: December 4, 2007 through May 22, 2008)

Study participant 32683 was a 61 year old Caucasian female with recurrence of

colorectal cancer, Stage IV. She had a history of OM during initial cancer diagnosis and

chemotherapy treatment 11 months prior to this study, and was admitted to the study with

Grade 2 oral mucositis. Her medical history included congestive heart failure, coronary

artery disease, and hypertension. Oral cavity status prior to oral mucositis included loss

of several teeth with damage to others resulting in sharp dental edges frequently causing

abrasion to buccal mucosa. Study participant had a history of smoking tobacco, but

discontinued the practice approximately six months prior to entering the study. She

denied recent weight loss. She was single and had small but significant supportive

structure of friends and family.

The study’s PI scheduled daily appointments with the study participant in the

participant’s home. Over one-third of the scheduled meetings were cancelled by the

participant for reasons associated with chemotherapy-related side effects. This also

included a 17-day out-of-state trip taken during the period December 24, 2007 through

January 9, 2008 which resulted in loss of clinical oral mucosal examination data and

photography documentation. The study participant did continue to document daily

subjective mouth pain, swallowing ability, and food intake in addition to performing a

daily mouth examination for oral mucositis ulcers.
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Table 7. Chemotherapy Frequency and Study In-Home Appointment Success

Number of
FOLFIRI
chemotherapy
treatments
during study

Frequency of
Chemotherapy
Treatments

Per Cent of
Successful
Study
Appointments
(i.e. patient did
not cancel)

Reason(s) for Canceling
Appointment

12 Every 2 weeks 63% Chemotherapy-related
nausea, fatigue, diarrhea.
Personal appointments

The Pharmacist Consultant assigned the participant to study intervention Treatment

Sequence B.

Study Participant 32683 was placed on Treatment Sequence B:
Start:
Intervention 2 during current chemotherapy

cycle of the study
Intervention 1 starting first day of second

chemotherapy cycle of the study
Intervention 2 starting first day of third

chemotherapy cycle of the study
Intervention 1 starting first day of fourth

chemotherapy cycle of the study
Intervention 2 starting first day of fifth

chemotherapy cycle of the study
Intervention 1 starting first day of sixth

chemotherapy cycle of the study
Intervention 2 starting first day of seventh

chemotherapy cycle of the study
If 5-FU chemotherapy is discontinued/changed
Intervention 1 starting first day of the first 2 weeks following 5-FU
discontinuation/change
Intervention 2 starting first day of the second 2 weeks following 5-FU
discontinuation/change
End of study participation

If further 5-FU chemotherapy required
Intervention 1 starting first day of eighth chemotherapy cycle of the study
Intervention 2 starting first day of ninth chemotherapy cycle of the study
Intervention 1 starting first day of tenth chemotherapy cycle of the study
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Intervention 2 starting first day of eleventh chemotherapy cycle of the study
Intervention 1 starting first day of the first two weeks following chemotherapy
completion
Intervention 2 starting first day of the second two weeks following chemotherapy
completion
End of study participation

Axes of Patient-Specific and Nutrition-Sensitive Evidence/Indicators

Weight/Anthropometrics Profile

Table 8. Study Participant 32683 Weight Status

Dates of
Study
Participation

Weight
(kgs)
from
start to
end of
study

Weight
change
over
time
(kgs)

BMI
(%)
from
start to
end of
study

BMI
change
over
time
(%)

12-04-07
through
05-22-08

61.82-
63.26

+1.44 23.4-
24.2

+0.8
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Dietary/Alimentation Profile: Total Protein and Glutamic Acid

Table 9. Study Participant 32683: Averaged Dietary Total
Protein Intake (grams) During Interventions 1 and 2
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Table 10. Study Participant 32683: Averaged Dietary Protein
Intake (grams) Variance When Compared with
Interventions 1 and 2
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Figure 1. Study Participant 32683: Averaged Dietary Total Protein Intake
(grams) During Interventions 1 and 2

Intervention 1 = L-Glutamine
Intervention 2 = Maltodextrin (placebo)
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Table 11. Study Participant 32683: Averaged Dietary Glutamic
Acid (grams) Intake During Interventions 1 and 2
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Table 12. Study Participant 32683 Averaged Dietary Glutamic
Acid Intake (grams) Variance When Compared with
Interventions 1 and 2

Intervention 1 = L-Glutamine
Intervention 2 = Maltodextrin (placebo)
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Figure 2. Study Participant 32683: Averaged Dietary Glutamic Acid Intake
(grams) During Interventions 1 and 2

Intervention 1 = L-Glutamine
Intervention 2 = Maltodextrin (placebo)



94

Biochemical Profile
Western Blot Immunoassay

Figure 3. Study Participant 32683 Western Blot Determination of Human Buccal Epithelial Cell Glutamine
Synthetase (GS) Abundance. (A) Stained PVDF (MemCode™ Reversible Protein Stain) membrane
demonstrated successful protein transfer. (B) Invert image of Western Blot probed with Abcam mouse
mAb to GS and Abcam secondary rabbit pAb to mouse. Santa Cruz rat brain extract used as positive
control. Human buccal epithelial cell activity was not seen in the buccal biosamples. Band 66 kDa may be
an O-linked glycosylation (OGlcNAc) involving glutamine and Hsp70 synthesis.

A

B

Approx. 42-43 kDa

Approx. 66 kDa
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Amino Acids, Plasma Quantitation

Figure 4. Study Participant 32683: Plasma Glutamine Pattern Over Time

Blood draw frequency: every 2 weeks.
Days 4 and 10 are nonfasting.
Reference Range: 410-700 umol/L
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Figure 5. Study Participant 32683: Plasma Glutamic Acid Pattern Over Time

Blood draw frequency: every 2 weeks.
Days 4 and 10 are nonfasting.
Reference Range: 10-120 umol/L
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Table 13. Study participant 32683: Plasma Amino Acids Found to be Greater Than or
Less Than Reference Range

% Plasma amino acid
levels less than reference
range

% Plasma amino acid
levels greater than reference
range

Glutamine 0 33
Histidine 50 0
Hydroxyproline 42 0
Methionine 25 0
Valine 75 0
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Figure 6. Study Participant 32683: Plasma Amino Acid Patterns Over Time
With at Least 25% of Results Less Than Reference Range

Blood draw frequency: every 2 weeks.
Days 4 and 10 are nonfasting.
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Figure 7. Study Participant 32683: Plasma Histidine Pattern Over Time

Blood draw frequency: every 2 weeks.
Days 4 and 10 are nonfasting.
Reference Range: 50-130 umol/L
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Figure 8. Study Participant 32683: Plasma Hydroxyproline Pattern Over
Time

Blood draw frequency: every 2 weeks.
Days 4 and 10 are nonfasting.
Reference Range: 17-53 umol/L
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Figure 9. Study Participant 32683: Plasma Methionine Pattern Over
Time

Blood draw frequency: every 2 weeks.
Days 4 and 10 are nonfasting.
Reference Range: 17-53 umol/L
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Figure 10. Study Participant 32683: Plasma Valine Pattern Over Time

Blood draw frequency: every 2 weeks.
Days 4 and 10 are nonfasting.
Reference Range: 140-350 umol/L
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Clinical Profile

Table 16. Paired t-Test Hard Palate Oral Mucositis and
Interventions 1 and 2

_________________________________________________________
Outcome Measure Mean SD t p*
_________________________________________________________

Hard Palate Erythema 1.320 .770 17.410 .00
_________________________________________________________

*Two-tailed p values, df = 102

Table 15. Relationship of Hard Palate Oral Mucositis to
Interventions 1 and 2

_________________________________________________________

Outcome Measure N r p*
_________________________________________________________

Hard Palate Erythema 103 -.402 .000
Severity
_________________________________________________________

* Kendall tau b correlation is significant at the 0.01 level (2-tailed)
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Figure 11. Study Participant 32683:
Hard Palate Control

Study Participant 32683: Hard Palate Erythema*
During L-Glutamine Mouthwash use.

Initiation
OMAS** Score 1 OMAS Score 1

Normal
OMAS Score 2 OMAS Score 1 OMAS Score 1 OMAS Score 0

*Missing days of clinical evaluation: 02-02-08, 02-07-08 through 02-10-08.
**OMAS: Oral Mucositis Assessment Scale, Erythema (Sonis et al, 1999).
0 = none, 1 = not severe, 2 = severe
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Table 17. Study Participant 32683: Averaged Hard Palate Oral Mucositis
Clinical Scores During Interventions 1 and 2

Intervention 1 = L-Glutamine
Intervention 2 = Maltodextrin (placebo)
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Table 18 Study Participant 32683: Averaged Subjective Oral
Pain Scores During Interventions 1 and 2

Intervention 1 = L-Glutamine
Intervention 2 = Maltodextrin (placebo)
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Figure 12. Study Participant 32683: Self Report Oral Pain Over Time

Intervention 1 = L-Glutamine
Intervention 2 = Maltodextrin (placebo)

Study Participant 32683: Oral Pain Scores Over Time
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L-Glutamine Intervention:
Days 19-38, 53-66, 81-94, 109-122,
137-150,165-169

Placebo:
Days 2-18, 39-52, 67-80, 95-108, 123-
136, 151-164

Compliance frequency: 50%

Chemotherapy:
Days 4, 18, 38, 52, 66, 80, 94, 108,
122, 136, 150, 164
5-FU stopped day 150.
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The study participant’s weight appeared stable throughout the study. There

appeared to be no influence of study interventions on weight status.

Levels of dietary total protein and glutamic acid intake were stable throughout the

study participation and appeared unaffected by study interventions. Daily changes based

upon intervention were not observed. However, the study participant’s estimated daily

protein requirement of 1.2- 1.5 gm/kg of body weight (Chan and Blackburn, 1999) was

greater than her actual daily/averaged intake therefore suggesting exogenous total

protein, glutamic acid and Gln deficits..

Human buccal epithelial cell GS activity was not observed in the Western blots

completed using this study participant’s HBEC biosamples. It is reasonable to assume

that 5-FU may be contributory as it’s mechanism of diminished cell synthesis via

competitive inhibition of the thymidylate synthase binding site may similarly influence

GS and ultimately Gln biosynthesis. Higher bands at 55-66 kDa may be associated with

an O-linked glycosylation of the GS enzyme which might be suggestive of an

upregulation of Hsp-70 via Gln glycosylation of transcription factors HSF-1 and SP1.

In view of study participant’s intervention noncompliance, it is doubtful that L-Gln

intervention was a cause of the elevated fasting plasma Gln levels. As stated previously,

low plasma Gln levels may reflect accelerated Gln release from skeletal muscle and

severe host depletion in all tissues. Elevated plasma Gln levels in this case may be

reflective of increased Gln requirements and the initiation of tissue Gln depletion.

Upregulation of citric acid cycle (CAC) intermediates in response to increased Gln

biosynthesis may be related to decreased plasma histidine, methionine, and valine levels
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as each provides a unique contribution to the CAC. Methionine and valine act as

precursors to propionyl-CoA ultimately synthesizing succinyl-CoA (Rodwell, 2006).

Histidine, via histidine ammonia lyase and glutamate formimio transferase assists in Glu

biosynthesis (Kohlmeier, 2003). Low levels of hydroxyproline may suggest an ascorbic

acid deficit.

Intervention noncompliance may be one of the reasons for the

pain response seen with this patient as the pain levels during days 81-94 were

significantly higher even though the study participant was using L-Gln. The participant

was found to have taken 50% of the study intervention (i.e. 2 capsules daily).

Statistical analysis demonstrated a modest but significant effect of L-Gln on

hard palate oral mucositis erythema. Clinical photography documented clinical

significance seen in improved severity scores from severe to not severe. Clinically

significant change scores were observed during two L-Gln treatments. No significance or

relationship was demonstrated for the effect of intervention on swallowing ability, dietary

tolerance, HBEC protein abundance, plasma amino acid levels, or weight and body mass

index. Crosstabulations did not support the potential for an intervention influence on

weight and body mass index, HBEC protein abundance, plasma glutamine and glutamic

acid level. Repeated measures did not appear to show significant day-to-day changes.
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Study Participant 41629 (study participation: December 10, 2007 through February 4,
2008)

Study participant 41629 was a 68 year old Hispanic female with recurrence of

colorectal cancer, Stage IV with hepatic metastases. She had a history of grade 3 OM

after initial cancer diagnosis and chemotherapy treatment 1 year ago, and was admitted to

the study with grade 2 OM. Her medical history included Type 2 Diabetes Mellitus

(controlled with diet and oral medication) and hypertension. She also suffered from

constipation and bleeding hemorrhoids during chemotherapy. Dental status appeared

normal and without abrasive structures. Study participant did not smoke tobacco. She

claimed to have had experienced a 20 pound weight loss (11% usual body weight) during

initial chemotherapy 1 year ago. She was married and had a large supportive family

structure.

The study’s PI scheduled daily appointments with the study participant in the

participant’s home. Fifteen per cent of the scheduled appointments were cancelled by the

participant for reasons associated with chemotherapy-related side effects and for family

issues surrounding her illness and prognosis.

Table 19. Chemotherapy Frequency and Study In-Home Appointment Success

Number of
Chemotherapy
Treatments

Frequency of
Chemotherapy
Treatments

Per Cent of
Successful
Appointments
(i.e. patient did
not cancel)

Usual Reason for
Canceling
Appointment

5 Every 2 weeks 85% Chemotherapy-
related
constipation,
nausea; personal
needs.
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The Pharmacist Consultant assigned the participant to study intervention Treatment

Sequence A:

Study Participant 41629 was placed on Treatment Sequence A:
Start:
Intervention 1 during current chemotherapy

cycle of the study
Intervention 2 starting first day of second

chemotherapy cycle of the study
Intervention 1 starting first day of third

chemotherapy cycle of the study
Intervention 2 starting first day of fourth

chemotherapy cycle of the study
Intervention 1 starting first day of fifth

chemotherapy cycle of the study
Intervention 2 starting first day of sixth

chemotherapy cycle of the study
Intervention 1 starting first day of seventh

chemotherapy cycle of the study
If 5-FU chemotherapy is discontinued/changed
Intervention 2 starting first day of the first 2 weeks following 5-FU
discontinuation/change
Intervention 1 starting first day of the second 2 weeks following 5-FU
discontinuation/change
End of study participation

If further 5-FU chemotherapy required
Intervention 2 starting first day of eighth chemotherapy cycle of the study
Intervention 1 starting first day of ninth chemotherapy cycle of the study
Intervention 2 starting first day of tenth chemotherapy cycle of the study
Intervention 1 starting first day of eleventh chemotherapy cycle of the study
Intervention 2 starting first day of the first two weeks following chemotherapy
completion
Intervention 1 starting first day of the second two weeks following chemotherapy
completion
End of study participation
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Axes of Patient-Specific and Nutrition-Sensitive Evidence/Indicators

Weight/Anthropometrics Profile

Table 20. Study Participant 41629 Weight Status

Dates of Study
Participation

Weight (kgs)
(from start to
end of study)

Weight
change over
time
(kg)

BMI
(%)
(from start to
end of study)

BMI change
over time

12-10-07
through 02-04-
08

73.64-69.56 -4.08 28.5-26.9 -1.6

Dietary/Alimentation Profile: Total Protein and Glutamic Acid

Table 21. Study Participant 41629: Averaged Dietary Total
Protein Intake (grams) During Interventions 1 and 2
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Table 22. Study Participant 41629: Averaged Dietary Protein
Intake (grams) Variance When Compared with
Interventions 1 and 2

___________________________________________________

Intervention 1 = L-Glutamine
Intervention 2 = Maltodextrin (placebo)
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Figure 13. Study Participant 41629: Averaged Dietary Total Protein Intake
(grams) During Interventions 1 and 2

Intervention 1 = L-Glutamine
Intervention 2 = Maltodextrin (placebo)
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Table 23. Study Participant 41629: Averaged Dietary Glutamic
Acid Intake (grams) During Interventions 1 and 2
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Table 24. Study Participant 41629: Averaged Dietary Glutamic
Acid Intake (grams) Variance When Compared with
Interventions 1 and 2
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Figure 14. Study Participant 41629: Averaged Dietary Glutamic Acid Intake
During Interventions 1 and 2

Intervention 1 = L-Glutamine
Intervention 2 = Maltodextrin (placebo)
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Biochemical Profile
Western Blot Immunoassay

Figure 15. Study Participant 41629 Western Blot Determination of Human Buccal Epithelial Cell
Glutamine Synthetase (GS) Abundance. (A) Stained PVDF (MemCode™ Reversible Protein Stain)
membrane demonstrated successful protein transfer. (B) Invert image of Western Blot probed with Abcam
mouse mAb to GS and Abcam secondary rabbit pAb to mouse. Santa Cruz rat brain extract used as
positive control. Human buccal epithelial cell activity was not seen in the buccal biosamples. Band 66
kDa may be an O-linked glycosylation (OGlcNAc) involving glutamine and Hsp70 synthesis.

A

B

Approx. 42-43 kDa

Approx. 55 and 66 kDa
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Amino Acids, Plasma Quantitation

Figure 16. Study Participant 41629: Plasma Glutamine Pattern Over Time

Blood draw frequency every 2 weeks.
All labs are nonfasting.
Reference Range: 410-700 umol/L
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Figure 17. Study Participant 41629: Plasma Glutamic Acid Pattern Over
Time

Blood draw frequency every 2 weeks.
All labs are nonfasting.
Reference Range: 10-120 umol/L
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Figure 18. Study Participant 41629: Plasma Amino Acid Patterns Over Time With
at Least 25% of Results Greater Than Reference Range

Blood draw frequency: every 2 weeks.
All labs are nonfasting.
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Figure 19. Study Participant 41629: Plasma Cystine Pattern Over Time

Blood draw frequency every 2 weeks.
All labs are nonfasting.
Reference Range: 7-70 umol/L
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Figure 20. Study Participant 41629: Plasma Hydroxyproline Pattern
Over Time

Blood draw frequency every 2 weeks.
All labs are nonfasting.
Reference Range: 6-50 umol/L
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Figure 21. Study Participant 41629: Plasma Threonine Pattern Over
Time

Blood draw frequency every 2 weeks.
All labs are nonfasting.
Reference Range: 60-220 umol/L
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Clinical Profile

Table 27. Relationship of Right and Left Tongue Oral Mucositis to
Interventions 1 and 2

__________________________________________________________________
Outcome N r p*
Measure
Right Tongue Ulceration/ 37 .319 .036
Pseudomembrane

Left Tongue Ulceration/ 40 .284 .049
Pseudomembrane Severity

Left Tongue Ulceration/ 40 .364 .017
Pseudomembrane

Right Tongue Erythema Severity 37 .508 .001**
________________________________________________________________

*Kendall tau b correlation is significant at the 0.05 level (2-tailed).

**Kendall tau b correlation is significant at the 0.01 level (2-tailed).

Table 28. Paired t-Test Right and Left Tongue Oral Mucositis with
Interventions 1 and 2

__________________________________________________________
Outcome Measure Mean SD t p

Left Tongue Ulceration/ .450 .677 4.201 .000*
Pseudomembrane

Left Tongue Ulceration/ -1.250 1.997 -3.959 .000*
Pseudomembrane Severity

Right Tongue Erythema -1.054 1.104 -5.807 .000**
Severity
__________________________________________________________

*Two-tailed p values, df = 39
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Table 29. Relationship of Subjective Oral Pain Level to
Interventions 1 and 2

__________________________________________________________

Outcome Measure N r p*

Subjective Oral Pain 56 .337 .003

_________________________________________________________
*Kendall tau b correlation is significant at the 0.01 level (2-tailed).
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Right Lateral Tongue Ulceration (control unavailable due to persistent
erythema/ulceration)

Figure 22. Study Participant 41629: Right Lateral Tongue Ulceration While
Using L-Glutamine Mouthwash.

01-13-2008 01-14-08 01-16-08 01-18-08
Initiation
OMAS** Score 1 OMAS Score 2 OMAS Score 1 OMAS Score 2

* Missing days of clinical evaluation: (01-15-08, 01-17-08, 01-20-08 through 01-21-08)
**OMAS: Oral Mucositis Assessment Scale, Ulceration (Sonis et al, 1999)

01-19-08 01-23-08

OMAS Score 1 OMAS Score 0

1 = ulcer <1cm2

2 = ulcer 1cm2 – 3 cm2
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Table 30. Study Participant 41629: Averaged Right Tongue
Oral Mucositis Clinical Scores During
Interventions 1 and 2

_____________________________________________________

Intervention M Mdn Mode

_____________________________________________________
Intervention 1 1.2 1.5 1
Intervention 1 1.0 1.0 1
Intervention 1 0.8 0.5 0
Intervention 1 0.0 0.0 0
Intervention 2 1.5 2.0 2

_____________________________________________________

Intervention 1 = L-Glutamine
Intervention 2 = Maltodextrin (placebo)

Table 31 Study Participant: 41629: Subjective Pain Scores
During Interventions 1 and Intervention 2
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Figure 23. Study Participant 41629: Self Report Oral Pain Over Time
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The study participant was removed from Intervention 2 after only seven days due

to worsening of oral mucositis severity involving tongue and buccal ulcerations,

pseudomembrane, and fungal infection. Intervention 1 was restarted at the previous dose

plus another 250 milligrams. She was also using Miracle Mouthwash and Nystatin as per

her Oncologist’s order. Study protocol dictated that the study participant leave the study

because if a change in chemotherapy dose occurs. The chemotherapy dose was

decreased; therefore this was the cause of her early withdrawal.

Patient’s weight status decreased by 4.08 kilograms (5.5% usual body weight)

during study participation related to periods of tolerance to soft foods and liquids only.

Dietary total protein intake appeared below estimated daily requirement of 1.2- 1.5 gm/kg

of body weight (Chan and Blackburn, 1999). A small increase in total protein and

glutamic acid intake occurred during the last nine days prior to end of her study

participation. This may have been related to the decrease in chemotherapy dose started

after the severe OM and oral fungal infection. Human buccal epithelial cell GS activity

was not observed in the Western blots completed using this study participant’s human

buccal epithelial biosamples. Again, the hypothesis of enzyme inhibition by

antineoplastic drug is considered. Two bands at approximately 55 and 66 kDa were

found and may be associated with a glutamine – Hsp70 posttranslational modification .

Plasma amino acid quantitation was measured using nonfasting samples as fasting

caused the patient to experience hypoglycemia. The elevation in plasma glutamine

occurred during the period of increased dietary total protein and glutamic acid intakes.

This may have influenced the plasma glutamine level, although plasma glutamic acid
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levels did not increase. Sixty per cent of plasma hydroxyproline levels were decreased,

most likely related to ascorbic acid intake. The study participant consumed little fruits

and vegetables. She took Centrum® vitamin-mineral supplement daily, although the

dose may not have been sufficient to meet her current needs. Plasma cystine and

threonine were elevated frequently throughout the patient’s study participation.

Threonine is a precursor to glycine which functions in the biosynthesis of glutamine and

glutathione (Kohlmeier, 2003). Cystine is involved in pyruvate production. Both

possibly indicating an increased demand for glutamine.

Because the study participant received only seven days of placebo due to her OM

severity, it was difficult to adequately assess relationships/change scores. Clinical

significance of L-Gln influence on OM lesions appeared present as shown in clinical

photography. Although this series of photographs demonstrated improvement within 5

days, the study participant was scheduled for another chemotherapy treatment within 3

days. OM lesions tend to improve during this period. However, this degree of

improvement had not been noted previously. No significance or relationship was

demonstrated for the effect of intervention on swallowing ability, dietary tolerance,

HBEC protein abundance, plasma amino acid levels, or weight and body mass index.

Crosstabulations did not support the potential for an intervention influence on weight and

body mass index, HBEC protein abundance, plasma glutamine and glutamic acid levels,

or total protein and dietary glutamic acid intakes. Repeated measures (change scores)

suggested a slightly higher frequency of oral pain severity during the seven days of

placebo. No trend in lesion change scores associated with Intervention was noted.
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Study Participant 42092 (study participation: August 20, 2007 through January 2, 2008).

Study participant 42092 was a 69 year old Caucasian female with recurrence of

colorectal cancer, Stage IV. She denied having OM during her initial diagnosis and

chemotherapy 1 year ago. She was admitted to the study with grade 1 OM. Her medical

history included celiac sprue, hypertension, and hypothyroidism. She was edentulous and

wore dentures. She claimed to have had experienced a 10 pound weight loss (7% usual

body weight) during initial chemotherapy 1 year ago. She was married had a small

supportive family structure.

The study’s PI scheduled daily appointments with the study participant in the

participant’s home. Eight per cent of the scheduled appointments were cancelled by the

participant for reasons associated with chemotherapy-related side effects and personal

needs.

Table 32. Chemotherapy Frequency and Study In-Home Appointment Success

Number of
Chemotherapy
Treatments

Frequency of
Chemotherapy
Treatments

Per Cent of
Successful
Appointments
(i.e. patient did
not cancel)

Usual Reason for
Canceling
Appointment

7 Every 2 weeks 92 Personal needs.
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The Pharmacist Consultant assigned the participant to study intervention Treatment

Sequence A:

Study Participant 42092 was placed on Treatment Sequence A:
Start:
Intervention 1 during current chemotherapy

cycle of the study
Intervention 2 starting first day of second

chemotherapy cycle of the study
Intervention 1 starting first day of third

chemotherapy cycle of the study
Intervention 2 starting first day of fourth

chemotherapy cycle of the study
Intervention 1 starting first day of fifth

chemotherapy cycle of the study
Intervention 2 starting first day of sixth

chemotherapy cycle of the study
Intervention 1 starting first day of seventh

chemotherapy cycle of the study
If 5-FU chemotherapy is discontinued/changed

Intervention 2 starting first day of eighth chemotherapy cycle of the study
Intervention 1 starting first day of ninth chemotherapy cycle of the study
Intervention 2 starting first day of tenth chemotherapy cycle of the study
Intervention 1 starting first day of eleventh chemotherapy cycle of the study
Intervention 2 starting first day of the first two weeks following chemotherapy
completion
Intervention 1 starting first day of the second two weeks following chemotherapy
completion

End of study participation
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Axes of Patient-Specific and Nutrition-Sensitive Evidence/Indicators

Weight/Anthropometric Profile

Table 33. Study Participant Weight Status

Dates of Study
Participation

Weight (kgs)
(from start to
end of study)

Weight
change over
time
(kg)

BMI
(%)
(from start to
end of study)

BMI change
over time

08-20-07
through 01-02-
08

56.41-55.46 -0.95 21.1-20.8 -.03

.

Dietary/Alimentation Profile: Total Protein and Glutamic Acid

Table 34. Study Participant 42092: Averaged Dietary Total
Protein Intake (grams) During Interventions 1 and 2
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Table 35. Study Participant 42092: Averaged Dietary Protein
Intake (grams) Variance When Compared with
Interventions 1 and 2

Intervention 1 = L-Glutamine
Intervention 2 = Maltodextrin (placebo)
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Figure 24. Study Participant 42092: Averaged Dietary Total Protein
Intake (grams) During Interventions 1 and 2

Intervention 1 = L-Glutamine
Intervention 2 = Maltodextrin (placebo)
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Table 36. Study Participant 42092: Averaged Dietary Glutamic Acid
Intake (grams) During Interventions 1 and 2
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Table 37. Study Participant 42092: Averaged Dietary Glutamic
Acid Intake (grams) Variance When Compared with
Interventions 1 and 2
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Figure 25. Study Participant 42092: Averaged Dietary Glutamic Acid
Intake (grams) During Interventions 1 and 2
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Biochemical Profile
Western Blot Immunoassay

Figure 26. Study Participant 42092 Western Blot Determination of Human Buccal Epithelial Cell Glutamine Synthetase (GS)
Abundance. (A) Stained PVDF (MemCode™ Reversible Protein Stain) membrane demonstrated successful protein transfer. (B) Invert
image of Western Blot probed with Abcam mouse mAb to GS and Abcam secondary rabbit pAb to mouse. Santa Cruz rat brain
extract used as positive control. Human buccal epithelial cell activity was not seen in the buccal biosamples. Band 66 kDa may be an
O-linked glycosylation (OGlcNAc) involving glutamine and Hsp70 synthesis.

A

B

Approx. 42-43 kDa

Approx. 55 and 66 kDa
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Amino Acid, Plasma Quantitation

Figure 27. Study Participant 42092: Plasma Glutamine Pattern Over Time

Blood draw frequency every 2 weeks.
All labs are nonfasting.
Reference Range: 410-700 umol/L
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Figure 28. Study Participant 42092: Plasma Glutamic Acid Pattern Over
Time

Blood draw frequency every 2 weeks.
All labs are nonfasting.
Reference Range: 10-120 umol/L
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Table 39. Study Participant 42092: Profile of Plasma Amino Acids Found to be
Greater Than or Less Than Reference Range
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Figure 29. Study Participant 42092: Plasma Alanine Pattern Over Time

Blood draw frequency every 2 weeks.
All labs are nonfasting.
Reference Range: 240-600 umol/L
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Figure 30. Study Participant 42092: Plasma Arginine Pattern Over Time

Blood draw frequency every 2 weeks.
All labs are nonfasting.
Reference Range: 40-160 umol/L
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Figure 31. Study Participant 42092: Plasma Hydroxyproline Pattern Over
Time

Blood draw frequency every 2 weeks.
All labs are nonfasting.
Reference Range: 6-50 umol/L
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Figure 32. Study Participant 42092: Plasma Isoleucine Pattern Over
Time

Blood draw frequency every 2 weeks.
All labs are nonfasting.
Reference Range: 30-130 umol/L
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Figure 33. Study Participant 42092: Plasma Leucine Pattern Over Time

Blood draw frequency every 2 weeks.
All labs are nonfasting.
Reference Range: 60-230 umol/L
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Figure 34. Study Participant 42092: Plasma Methionine Pattern Over
Time

Blood draw frequency every 2 weeks.
All labs are nonfasting.
Reference Range: 17-53 umol/L
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Figure 35. Study Participant 42092: Plasma Valine Pattern Over Time

Blood draw frequency every 2 weeks.
All labs are nonfasting.
Reference Range: 140-350 umol/L
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Clinical Profile

Table 40. Relationship Upper Lip Oral Mucositis to
Interventions 1 and 2

_________________________________________________________
Outcome Measure N r p*
_________________________________________________________
Upper Lip Erythema 110 .188 .050

_________________________________________________________
*Kendall tau b correlation is significant at the 0.05 level (2-tailed)
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Figure 36. Study Participant 42092:
Upper Lip Control

Figure 11-18-07 11-19-07 11-20-07
Initiation
OMAS* Score 1 OMAS Score 1 OMAS Score 0

*OMAS: Oral Mucositis Assessment Scale, Erythema (Sonis et al, 1999)
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Table 41. Study Participant 42092: Subjective Oral Pain Scores
During Interventions 1 and 2

Intervention 1 = L-Glutamine
Intervention 2 = Maltodextrin (placebo)
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Figure 37. Study Participant 42092 Self Report Oral Pain Over Time
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The study participant’s weight decreased 1.7% over the study period.

Considering she lost approximately 7.6% of usual body weight during her initial CRC

diagnosis and treatment one year ago, this recent weight loss was concerning.

Interventions did not appear to influence the weight status by affecting dietary protein

and glutamic acid intake. Data in fact demonstrate a modestly higher protein and

L-Glutamine Intervention:
Days 2-11, 25-38, 53-66, 81-94, 109-125

Placebo:
Days 12-24, 39-52, 67-80, 95-108,126-
136

Compliance frequency: 75%

Chemotherapy:
Days 10, 24, 38, 52, 66, 80, 94
Xeloda started Day 115;
5-FU discontinued on Day 94
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glutamic acid intake during the placebo intervention. However, total protein intake was

30-40% less than the participant’s estimated daily protein requirement of 1.2- 1.5 gm/kg

of body weight (Chan and Blackburn, 1999).

Human buccal epithelial cell GS activity was not observed. Higher 55-66 kDa

bands were present.

The decreased plasma amino acids are precursors of CAC intermediates or

involved in Gln biosynthesis. Pyruvate is synthesized via a transamination reaction

involving alanine (Rodwell, 2006). Because it functions as a gluconeogenic precursor,

elevated alanine levels may indicate acute or impending gluconeogenesis. Branch chain

amino acids are key precursors to CAC substrates. Isoleucine and leucine synthesize

acetyl-CoA, while valine is involved in succinyl-CoA production. Methionine

synthesizes propionyl-CoA through a six-step process. Arginine indirectly converts to α-

ketoglutarate. Hydroxyproline remained consistently low throughout the study. Increased

demands on CAC precursors will result in limited/exhausted reserves/biosynthesis.

Clinical and statistical significance of L-Gln mouthwash was not demonstrated

most likely due to the study participant’s very mild form of OM. Very small changes in

mucosal tissue may be difficult to observe and therefore may require a most sensitive

measuring instrument. Repeated measures design did not appear to show significant day-

to-day changes.
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CHAPTER V
DISCUSSION AND IMPLICATIONS

The absence of a detectable HBEC GS WB band is suggestive of biomolecular

inhibition by 5-fluorouracil (5-FU) and/or irinotecan. 5-fluorouracil is an antimetabolite,

and it’s mechanism of action is to competitively bind the nucleotide binding site of the

pyrimidine enzyme, thymidylate synthase (TS). A metabolite of 5-FU, FdUMP, binds TS

at the TS nucleotide binding site. This action prevents TS from binding to its own mRNA

inhibiting translation. In comparison, glutamine synthetase has a nucleotide binding site

(for ATP), suggesting the existence of a possible binding site for a 5-FU metabolite.

Irinotecan is a topoisomerase I inhibitor, and its active metabolite SN-38 binds to the

topoisomerase I-DNA complex eventually leading to inhibition of both DNA replication

and transcription. It is unknown if this is a nucleotide binding site. Therefore with

current knowledge, the binding of HBEC GS by 5-FU would seem more likely to occur.

If HBEC GS is indeed being inhibited by a drug, the argument for the possibility

of a localized glutamine deficiency may be valid. This would be particularly critical

during a severe, acute or chronic illness when tissue glutamine stores become depleted

and de novo Gln biosynthesis is upregulated. Stage 1 Nutritional Injury would occur after

chemotherapy was initiated. Compressing the clinical horizon of oral mucositis by

compressing the bench horizon (i.e. diagnosing decreased enzyme availability prior to the

deficiency) would help target L-Gln in a timely manner in order to prevent signs and

symptoms found in Stages 4 and 5 Nutritional Injury.

The 55-66 kDa bands observed in all Western blots of the study controls and in

41% of the Western blots of study particpants may be a GS posttranslational modification
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(PTM). It is well known that the O-linked glycosylation (OGlcNAc) is involved Gln

upregulation of Hsp70 via glycosylation of transcription factors SP1 and

HSF-1. Therefore, Gln is involved in OGlcNAc pathway activation. Absence of/limited

55-66 kDa bands in cancer patients may suggest a Gln deficit which would limit/inhibit

Hsp70 biosynthesis due to lack of glycosylated transcription factors. Additional testing

procedures such as mass spectrometry and WB using a primary glycosylation antibody

would be needed to further interpret and label these bands. SDS gel protein sequencing

may also be considered, but only if bands are clear and separated. However, the theory

may support the need for preemptive targeted oral Gln treatment prior to chemotherapy.

Study participant 41629 showed a statistically significant positive correlation

between right tongue erythema severity and intervention (r=.508, p=.001, p<.01) and low

positive correlation between right tongue ulceration/pseudomembrane-intervention

(r =.319, p=.036, p<.05) and left tongue ulceration/pseudomembrane-intervention

(r =.364, p=.017, p<.05). A low positive correlation also existed between subjective oral

pain and intervention (r = .337, p=.003, p<.01). This may suggestive of a lack of

sufficient glutamine washout period as the patient received only seven days of placebo

before experiencing severe OM. Her original intervention was restarted and some

improvement was observed and self-reported.

The study participant (32683) presented with a moderate grade 2 OM showed a

statistically significant negative correlation between hard palate erythema severity and

intervention (r = -.402, p = .000, p<.01).
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Study Participant 42092 presented with a mild grade 1 OM . A significant but

low positive correlation was shown (r=.188, p = 0.05, p<.05). This association was

considered to be little if any. Assessing valid change scores in very mild OM was

frequently difficult as examination equipment used may not have been sensitive enough

to detect minute changes.

With the examination equipment and the assessment scale used, it appeared Gln

intervention was efficacious in a more severe grade 2 OM and not in mild OM.

Each study participant had their own unique amino acid pattern. All had low

plasma hydroxyproline levels. Hydroxyproline is a product of proline hydroxylation.

Ascorbic acid is required for this reaction to occur. Both proline and hydroxyproline are

responsible for collagen formation, an important factor in wound healing. Although each

study participant claimed to have been taking a daily multiple vitamin-mineral

supplement (generic Centrum®), compliance again must be questioned. Dietary protein

levels in all three participants were lower than requirements. Low dietary protein intake

may have influenced the branched chain amino acids (leucine and isoleucine), arginine

and valine. According to the literature, most of the decreased amino acid levels seen in

this study can be attributed to malignancy. Theoretically if a tissue Gln deficit was

occurring, increased requirements of the citric acid cycle intermediates and associated

amino acids (leucine, isoleucine, valine, arginine) would also occur therefore resulting in

decreased plasma levels. Plasma amino acid levels less than reference range most likely

were associated with hypermetabolic consequences of malignancy and inadequate

exogenous total protein intake.
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Each study participant demonstrated a clinically significant nutritional status loss

over time. Low plasma amino acid levels such as hydroxyproline, absence of HBEC GS

enzyme, and dietary total protein intakes less than requirements were the nutriokinetic

and nutriodynamic factors responsible for nutritional status worsening and nutritional

injury severity. It could be hypothesized that these indicators worsened oral lesion

pathology.

In view of the absence of HBEC GS activity, two of the study’s three hypotheses

could not be supported. However, efficacy of L-Gln treatment on OM severity was

demonstrated in 1 of 3 study participants. The concept of absence of/limited nutritional

collateral systems (HBEC GS enzyme) may have been supported as a result of the new

hypothesis generated from this study: absence of HBEC GS resulting from

chemotherapy inhibition of the GS active site.

Limitations of this study included the use of outpatient population and the

frequency of intervention noncompliance and home appointment cancellations. Future

studies may benefit from the more structured intervention system found in the inpatient

setting.

L-glutamine dosing may not have been sufficient enough to trigger overt healing

changes in oral mucosa. The original dose was based upon the work of Anderson et al

(1998), although L-Gln had been given in a suspension.. This study did not use a

suspension vehicle, but rather water, and was based upon outcomes in this investigator’s

clinical practice.
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Human buccal epithelial cell biosamples were stored at -20o with less than 3

thaw-freeze cycles. The HBEC biosample storage temperature protocol will be changed

to -80o in order to support protein maintenance.

The instrument used to clinically assess oral mucositis may have been less

sensitive for the original intent of this study. Centimeter measures may not permit the

detection and monitoring of very small mucosal changes in oral epithelial tissue changes

(<1 cm2). Development of a tool which would support detection of minute oral epithelial

tissue changes may help to provide a more valid and reliable documentation of treatment

efficacy in the research setting.

Further research will be needed to determine (1) optimization of glutamine-

sensitive washout period for more valid and reliable oral mucositis change assessment

determination, (2) a need for L-Gln dose regimen optimization consistent with clinically

and statistically significant lesion changes, and (3) labeling and categorization of the

unknown 55 kilodalton and 65 kilodalton bands observed on the human GS western blots.

Discussion and Implications in the Context of Nutritional Injury

The study’s data may support the theory that drug-induced HBEC GS inhibition

results in altered nutriokinetics (metabolism) initiating at Stage 1 Nutritional Injury and

is suspected of producing a localized deficit of biosynthesized glutamine. The clinical

horizon of nutritional injury in OM would then be compressed from nutritional injury

stage 5 to nutritional injury stages 1 or 2 thereby providing a preemptive approach of

treating OM prior to evidence of pathology.
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Nutritional injury in chemotherapy-induced oral mucositis begins at Stage 1 and

continues through to Stage 5. Repeated effects of the drug result in a continual movement

between Stages 2, 3, 4 and 5. This is evident in the fact that although the oral lesions

may appear to heal, each returns after another chemotherapy cycle.

This investigator believes that oral mucositis in the context of nutritional injury is

a cellular metabolic network whose enzyme systems are disrupted by repeated agent

(chemotherapy)-induced stress resulting in acquired loss in enzyme levels and product

biosynthesis. A larger, more controlled study will help to support absence of HBEC GS

enzyme during chemotherapy and targeted oral L-Gln efficacy.

Generation of this type of knowledge will alter the traditional nutrition

intervention approach by taking it to the translational biomolecular level – from the

bedside, to the bench, then back to the bedside. As Dr. David August eloquently stated in

his 2004 address to the American Society for Parenteral and Enteral Nutrition, “it is only

through research that we will truly make a significant contribution toward helping many

patients…It is our obligation to do better.” (August, 1994)
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APPENDIX A
SCHEMATA
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Schemata
(1) Glutamine Catabolism
(2) Glutamine Biosynthesis
(3) Theory Substruction Model: Absence of/Limited Nutritional Collateral Systems
(4) Qicome Languaged Clinical Reasoning Process (CRP) as Related to Exposured

Health, Stages of Nutritional Injury, and Grades of Oral Mucositis (Pre-Study
Hypotheses)

(5) Qicome Languaged Clinical Reasoning Process (CRP) as Related to Exposured
Health, Stages of Nutritional Injury, and Grades of Oral Mucositis (Post-Study
Results)

(6) Deliberate Practice Status Model
(7) Oral Mucositis Study Recruitment Process Protocol
(8) Human Buccal Epithelial Cell Biosampling Protocol
(9) Detection of Glutamine Synthetase Abundance in Human Buccal Epithelial Cells:

A Western Blot Protocol
(10) Oral Mucositis Clinical Trial Schema
(11) Pharmacist Intervention Blinding, Randomization, Dosing and Documentation, and

Intervention Unblinding Protocol
(12) Statistical Analysis Procedures
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APPENDIX B
PROTOCOLS
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Protocols
(1) Human buccal epithelial cell (HBEC) Biosample Collection and Preparation Protocol
(2) Detection of Glutamine Synthetase Abundance in HBECs: A Western Blot Protocol
(3) Physical Examination, Written Documentation and Photography of the Oral Mucosa

in Adult Cancer Outpatients with Grades 1, 2, and 3 Oral Mucositis: A Protocol for
Daily In-Home Clinical Procedures

(4) Participant In-Home Weight Measurement Protocol
(5) Participant In-Home Height Measurement Protocol
(6) Pharmacist Intervention Blinding, Randomization, Dosing and Documentation, and

Intervention Unblinding Protocol
(7) Study Intervention Use Instructions Protocol
(8) Mucositis/Stomatitis (oral cavity) Adverse Events Action Protocol
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APPENDIX C
ILLUSTRATIONS/STANDARDS
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Illustrations/Standards
(1) Plasma Amino Acid Quantitation Reference Ranges
(2) Mobyl Portal for Bioinformatics Analysis: ePEST find predictor of PEST motifs in

human glutamine synthetase results
(3) YinOYang glutamine synthetase glycosylation predictor results
(4) NetOGlyc 3.1 glutamine synthetase glycosylation predictor results
(5) Signal 3.0 server glutamine synthetase signal peptide attachment predictor results
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Amino Acids Quantitative, Plasma. ARUP® Laboratories, University of Utah



262

Institut Pasteur “Logiciels et Banques de Données” Team and Ressource Parisienne en
Bioinformatique Structurale (2009). Mobyle portal for bioinformatics analyses:
ePESTfind prediction of PEST motifs in human glutamine synthetase.
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Technical University of Denmark, Center for Biological Sequence Analysis (2009).
YinOYang 1.2 Prediction Server for O-Linked glycosylation of human glutamine synthetase.
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Technical University of Denmark, Center for Biological Sequence Analysis (2009).
NetOGlyc 3.1 Server – prediction results for O-linked glycosylation of
human glutamine synthetase, page 1.
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Technical University of Denmark, Center for Biological Sequence Analysis (2009).
NetOGlyc 3.1 Server – prediction results for O-linked glycosylation of human
glutamine synthetase, page 2.
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Technical University of Denmark Center for Biological Sequence Analysis (2009).
SignalP 3.0 Server – prediction results for signal peptide attachment in
human glutamine synthetase, page 1
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Technical University of Denmark Center for Biological Sequence Analysis (2009).
SignalP 3.0 Server – prediction results for signal peptide attachment in
human glutamine synthetase, page 2
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APPENDIX D
WESTERN BLOT IMMUNOASSAYS:

CONTROLS
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Controls:
Western Blot Invert Images (1 minute exposure)
(HBEC Biosamples Lanes 2-7; Positive Control lane 8; Molecular Weight Maker lane 9))

43 kDa 43 kDa
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APPENDIX E
DATA COLLECTION FORMS/OTHER FORMS
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Data Collection Forms/Other Forms
(1) Recruitment: Study information for interested oncology providers
(2) Recruitment: Study information for oncology providers to give to patients
(3) Recruitment: Cover letter for oncology providers’ patient recruitment packet
(4) Recruitment: Recruitment brochure
(5) Recruitment: Patient sign-up form
(6) Recruitment: Participant eligibility form a
(7) Recruitment: Telephone Interview for Cognitive Status (TICS™)
(8) Recruitment: Participant eligibility form b
(9) Recruitment: Letter to participant of study qualification
(10) Recruitment: Letter to oncology provider of participant’s study qualification
(11) Recruitment: Letter to patient of study disqualification
(12) Recruitment: Letter to oncology provider of patient’s study disqualification
(13) Recruitment: Principal Investigator’s explanation of study to patient
(14) Recruitment: Checklist for avoiding coercion or undue influence in the

consenting process
(15) Recruitment: Recruitment reminder to oncology providers\
(16) Study: Study intervention prescription form for oncology providers
(17) Study: PES form to communicate with oncology providers
(18) Study: Fax form
(19) Study: Checklist for initial meeting with study participant
(20) Study: Cover letter for participant’s information packet
(21) Study: Participant demographics form
(22) Study: Oral Mucositis Assessment Form (OMAS), objective data
(23) Study: Oral Mucositis Assessment Form, subjective data
(24) Study: Food intake form
(25) Study: Daily data collection form
(26) Study: Degree of change analysis form: clinical profile
(27) Study: Adverse events documentation form
(28) Study: Participant compensation documentation form
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Date:

Dear ____________:

Thank you for your interest in our Oral Mucositis research study. You have
qualified for participation into this study. I will be notifying your Oncologist of this
outcome. I will be calling you within the next 24 hours to schedule our first appointment.
If you have any questions before that time, please do not hesitate to call me.

Sincerely,

Mary Picchioni PhD candidate
ORAL MUCOSITIS STUDY Principal Investigator
Department of Nutritional Sciences
1177 E. 4th Street, Room 626
The University of Arizona
Tucson, Arizona 85721
520-xxx-xxxx
maryp@nursing.arizona.edu
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Date:

Dear Dr./Ms.______________________________:

Your patient, __________________________, has qualified for participation in our Oral
Mucositis research study. I will begin daily meetings with _________________
beginning_____________________. I will be sending you progress notes as the case
dictates over the period I will be meeting with your patient, and I will notify you
immediately if severity of oral mucositis worsens.

Thank you again for referring your patient to our study.

Sincerely,

Mary Picchioni PhD candidate
ORAL MUCOSITIS STUDY Principal Investigator
Department of Nutritional Sciences
1177 E. 4th Street, Room 626
The University of Arizona
Tucson, Arizona 85721
520-xxx-xxxx
maryp@nursing.arizona.edu
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Date:

Dear ____________:

Thank you for your interest in our Oral Mucositis research study. Unfortunately,
you were unable to qualify for participation into this study because of the following
reasons:
________________________________________________________________________
________________________________________________________________________
_______________________________________________________________________.

I will be notifying your Oncologist of this outcome. I urge you to schedule a
follow-up appointment this week with your Oncologist to discuss your mouth pain and/or
sores. Additionally I am including a list of foods items usually well tolerated by patients
with chemotherapy-related mouth pain/ulcers. The second list consists of mouth
pain/ulcer treatments you may wish to discuss with your Oncologist.

Thank you again for your inquiry, and we send our very best wishes to you for a
successful recovery. If you have any questions, please do not hesitate to call me.

Sincerely,

Mary Picchioni PhD candidate
ORAL MUCOSITIS STUDY Principal Investigator
Department of Nutritional Sciences
1177 E. 4th Street, Room 626
The University of Arizona
Tucson, Arizona 85721
520-xxx-xxxx
maryp@nursing.arizona.edu
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Date:

Dear Dr./Ms._____________:

Your patient, _______________________, has not qualified for participation in our Oral
Mucositis research study for the following reasons:
________________________________________________________________________
________________________________________________________________________
_______________________________________________________________________.

We have urged your patient to schedule a follow-up appointment with you this week. We
have also sent her/him a list of soft-bland foods in addition to a list of currently available
oral pain/ulcer treatments for discussion.

Thank you again for referring your patient to our study. Please do not hesitate to call me
if you have any questions.

Sincerely,

Mary Picchioni PhD candidate

ORAL MUCOSITIS STUDY Principal Investigator
Department of Nutritional Sciences
1177 E. 14th Street, Room 626
The University of Arizona
Tucson, Arizona 85721
520-xxx-xxxx
maryp@nursing.arizona.edu
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ORAL MUCOSITIS STUDY
DEPARTMENT OF NUTRITIONAL SCIENCES
COLLEGE OF NURSING
THE UNIVERSITY OF ARIZONA, TUCSON
2007

ORAL MUCOSITIS STUDY CHECKLIST FOR INITIAL MEETING WITH STUDY
PARTICIPANT

PRINCIPAL INVESTIGATOR RESPONSIBILITIES CHECK WHEN
COMPLETED

Introduction:
 Name
 Credentials
 Student status
 Associated University of Arizona Department,

College
 Telephone number
 Office location

Explanation of Oral Mucositis Study
 Explanation of Oral Mucositis
 Purpose of study
 Objectives of study
 Intervention to be used in study: Mouthwash

Detailed explanation of Oral Mucositis Study Participant
Information Packet:

 List of important telephone numbers
 Form for Use and Disclosure of Protected Health

Information for Research
 Subject’s Consent form
 Oral Mucositis self-report form
 Food intake form
 Instructions for acquiring and taking Oral Mucositis

Study Intervention
 Dates of scheduled home visits (to be agreed upon

by participant)
Explanation of Daily Participant Requirements

 Self-report documentation of mouth pain and
swallowing ability

 Food intake
 Use of Oral Mucositis Study Intervention after

meals and before bedtime
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Explanation of Daily Principal Investigator Requirements
 Oral examination
 Review of mouth pain and swallowing ability self-

report
 Review of food intake record
 Review of medication changes
 Discussion of any participant-related questions

Explanation of Weekly Principal Investigator Requirements
 Mouth swab
 Plasma Glutamine (non-fasting) and standard lab

order results from Oncologist
 Weight check
 Body mass index check

Participant-Principal Investigator Questions and Answers

Other:
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APPENDIX F
HUMAN SUBJECTS APPROVAL/STUDY APPROVAL
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Human Subjects Approval
(1) Human Subjects Approval (2007)
(2) Human Subjects Continuing Review Determination Approval (2008)
(3) Human Subjects Continuing Review Determination Approval (2009)
(4) Arizona Cancer Center Scientific Review Committee Approval (2007)
(5) Subject’s Consent Form
(6) Authorization Form for Use and Disclosure of Protected Health Information For

Research
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APPENDIX G
AUTHORIZATIONS/

TRAINING
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Authorizations/Training
(1) Authorization for Use: Dr. Mary Ann Kight PhD
(2) In Appreciation: Dr. Guillermo Arroyave PhD
(3) Authorization for Use: Dr. William Hazzard MD
(4) Authorization for Use: Dr. Steven Sonis DMD
(5) Authorization for Use: Psychological Assessment Resources
(6) Human Subjects Protection Course Completion (2006): Mary J. Picchioni
(7) Certification: Laboratory Safety Training
(8) Certification: Bloodborne Pathogens Training
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APPENDIX H:
MATERIAL SAFETY DATA SHEETS
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Material Safety Data Sheets
(1) L-Glutamine
(2) Maltodextrin
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