Assessment of Serum L-Carnitine Levels and its
Role in Egyptian Asthmatic Children

Thesis

For Partial Submission of M.Sc. Pediatrics
Faculty of Medicine- Cairo University

By
Eman Mohamed Musa Elsheikh

M.B, B.Ch.
Faculty of medicine-Cairo University

Supervisors

Prof. Dr. Zeinab Mohamed Radwan
Professor of pediatrics
Faculty of Medicine,
Cairo University

Prof. Dr. Ayman Mansour Abd ElGouad
Professor of pediatrics
Child Health Depart.
National Research Center

Ass. Prof. Mohammed Abdel Fattah Abd ElIMoetey

Assistant Professor of pediatrics
Faculty of Medicine,
Cairo University

Faculty of Medicine
Cairo University

2011



Abstract

Bronchial asthma is a chronic airway disease with an underlying
inflammatory component. Despite advances in modern medical care and the
introduction of effective therapies, such as inhaled corticosteroids, poor
asthma control exists in clinical practice. That can be attributed to two
primary factors: (i) poor compliance and adherence to treatment; and (ii)
poor efficiency of inhalation drug delivery, resulting from the inability of
young children to correctly use inhalers . Free serum L- carnitine was not
affected in 31 patients with mild acute athma attacks (group I) , while
decreased in 30 patients with moderate acute asthma attacks (group Il)as
compared to 20 healthy children (group III). Giving L-carnitine as an
adjuvant therapy to the conventional asthma treatment for 3 months resulted
in:
(i) Statistically significant increase in serum l-carnitine after 3 weeks and
after 3 months
(i) Statistically significant reduction in the frequency of moderate and
severe acute attacks during 3 months follow up
(111) Statistically significant improvement in pulmonary functions( FEV1,

FVC and FEV1/FVC).

Key words:
Asthma - L-carnitine — pulmonary functions



Acknowledgment

First and foremost, all thanks and praises are due to ALLAH, most
Gracious, most merciful, Who enabled me to accomplish this work.

| would like to express my utmost gratitude and cordial appreciation to
Professor Doctor Zeinab Radwan, Professor of pediatrics and allergy,
Cairo university for her valuable guidance, generous support and
encourgment during the study.

I would like to express my deepest thanks to Doctor Aymn
Mansour, Professor of pediatrics, National Research Center Who helped me
a lot with his science and kind.

| do appreciate the kind participation of Doctor Mohamed Abdel
Fattah, assistant professor of pediatrics and allergy, Cairo University, in all
parts of the work and his guidance.

I am also so thankful to Professor doctor Zakaria Alkhiaat |,
Professor of Biochemistry, National Research Center for his great help in
the biochemical part of the study.

I do not forget to thank Dr. Mona Sallam, Assisstant Professor of
pediatrics, National Research Center, for her help in this study.

| am indebted to every patient included in this study also their parents
for their cooperation and their trust. | wish them all the best of health and
happiness.

No words can describe the usual support and encouragement of all my

family members.



CONTENTS

AT ACT. ..
List Of tables. ..o e,
LiSt Of FIQUIES.....ei e,

List of abbreviations........c.cooovioiii e
INErOdUCTION. .. oo e e e e e 1
AIM OfF the WOrK. ... e 3

Review of literature:

Chapter 1: Bronchial asthma..............ccooevviieinn 5

Chapter 2: L-carnitine..........c.ooovievieiiiiiin e e, 58

Chapter 3: Bronchial asthma and L-carnitine........... 73
Patients and methods...........c.ccoiviiiiiiiiiii e, 79
RESUIES. ..o 93
DISCUSSION ... et e e et e e e e e e e e e 105
SUMMATY ... e e e 116
CONCIUSION ... e 119
Recommendations....... ..o e, 120
RETEIENCES. .. ce e, 121

Arabicsummary..........cooii 153



List of Tables

Table (1): Classification of asthma based on level of symptoms ....... 30
Table (2): Classification on levels of asthma control...................... 31
Table (3): Equipotent doses of different inhaler medications........... 33
Table (4) : Classification of acute asthma exacerbations ............... 51
Table (5): Selected food sources of carnitine .................ccceeveenn .. 64

Table (6): Classification of acute asthma attack according to pulmonary

score for children > 6 years ........c.coo i e 83
Table (7) L-carnitine reaction mix and background control............ 90
Table (8): Sex distribution of studied children............................. 93
Table (9): Sex Differences between groups..........c.ocovviiiiiiiiinnnnnn, 93
Table (10): Data for age of studied children............................... 93
Table (11): Data of the clinical examination of children................ 94

Table (12): Free serum L-carnitine levels for studied children upon
enrollment in the StUdY.......coooo i e 94

Table (13): Free serum L-carnitine levels 3 weeks from the start of the



Table 15: Frequency of mild acute asthma attacks during 3 months
follow up of the study........coco i e 97

Table 16: Frequency of moderate acute asthma attacks during 3 months
follow up of the Study........ooiii i e 97

Table 17: Frequency of severe acute attacks during 3 months follow

Table 22: Values of FEV1/FVC in studied children upon enrollment in
e STUAY ... 102

Table 23:values of FEV1/FVC at end of the study ..................... 102

Table 24: correlations between serum L-carnitine levels in subgroups la
and lla and the frequency of acute asthma attacks and parameters of
spirometry at the end of the study............ccooov i 103

Table 25: Correlations between serum L-carnitine levels in subgroups
Ib and I1b and the frequency of acute asthma attacks and parameters of
spirometry at theend of thestudy............cooiiiiiii i, 104



List of Figures

Figure (1): Hygiene hypothesis of asthma..............ccoiiii i i, 16
Figure (2): ASthma triggers. ..o v, 19
Figure (3) Management based on level of control........................... 50
Figure (4) : Carnitine shuttle............cooiiii i, 61
Figure (5): Enzymes involved in Carnitine biosynthesis................... 63
Figure (6 ) Surfactant synthesis and secretion......................oooee ... 74
Figure (7): Generation of leukotrienes...........cccovov i iiiiiiii i, 77
Figure (8): JAEGER MASTERSCREEN PAED
SPIROMETER. ... e e, 84
Figure (9): Normal Flow- volume [00p........cccoviiiiiiiiii e, 85
Figure (10): One of the patients while performing spirometry........... 86
Figure (11): L-carnitine standard curve..............ccooeeiien e cvinennn, 91

Figure 12: Mean free serum L-carnitine levels upon enrollment in the

SEUAY . 95
Figure 13: Free serum L-carnitine levels after 3 weeks .................. 96
Figure 14: Free serum L-carnitine levels after 3 months................ 97

Fig. 15: Frequency of moderate acute asthma attacks during 3 months
FOHIOW U .. e 98



Figure 16: Frequency of severe acute asthma attacks during 3 months

FOH OW U s 99
Figure 17: Values of FEV1 at the end of the study ...................... 100
Fig 18: values of FVC at the end of the study ...............ccoeviieninnn. 101

Figure 19: values of FEV1/FVC at end of the study.................... 103



List of Abbreviations

Ac-CoA: Acetyl — Co Enzyme A

ACQ: Asthma control questionnaire

ACT: Asthma control test

AIDS: Acquired immunodeficiency syndrome
ATAQ: Asthma therapy Assessment Questionnaire
BBD: C-butyrobetaine dioxygenase

C- ACT: Childhood asthma control test

CACT: Carnitine-acylcarnitine translocase

COPD: Chronic obstructive pulmonary disease
CPT I: Carnitine palmitoyl transferase I

CPT II : Carnitine palmitoyltransferase 11

CPT: Carnitine palmitoyl transferase enzyme
DPI: Dry powder inhaler

DPPC: Dipalmitoyl phosphatidyl choline

DRI: Dietary Reference Intakes

EIB: Exercise induced bronchial asthma

ESRD: End-stage renal disease

FeNO : Fractional exhaled NO

FEV1%: FEV1/FVC ratio

FEV1: Forced expiratory volume in the first second
FNB: The Food and Nutrition Board

FVC: Forced vital capacity

GERD Gastro esophageal reflux disease

GINA: Global initiative for asthma

GM-CSF: Granulocyte-macrophage colony-stimulating factor



HIV: Human immunodeficiency virus
HPA: Hypothalamic- pituitary axis
HPETE: 5-hydroperoxy-eicosatetraenoic acid
HTML: 3-hydroxy- TML

HTMLA: HTML aldolase

ICSs: Inhaled corticosteroids

IFN-y : Interferone — y

IgE: Immunoglobulin E

IL-13: Interleukin 13

IL-4: Interleukins-4

IL-5: Interleukin-5

KOH: Potassium hydroxide

LABA: Long acting B2 agonists

5-LO: 5-lipoxygenase enzyme

LTs: Leukotrienes

MDCs: Macrophage-derived chemokines
NK cells: Natural killer cells

NO: Nitric oxide (NO)

OCTN2: Carnitine organic cation transporter
PC: Phosphatidyl choline

PEEF: Peak end expiratory flow

PEF: Peak expiratory flow

PLA,. Phospholipase A2 Enzyme

pMDI: Pressurized metered dose inhaler
RDA: Recommended dietary allowance
RDS: Respiratory distress syndrome
RSV: Respiratory syncytial virus



TARCs: Thymus and activation-regulated chemokines
Thl cytokine : T helper 1 cytokine

Th2 cytokine: T helper 2 cytokine

Th2-cytokine: T helper cytokines

TMABA: 4-trimethylaminobutyraldehyde

TML: N-tri methyl lysine

TMLD: TML dioxygenase

TNF-a: tumor necrosis factor-o



INTRODUCTION AND AIM OF THE WORK

INTRODUCTION

Bronchial asthma is defined as Chronic inflammatory disorder of the
airways in which many cells and cellular elements play a role, in particular,
mast cells, eosinophils, T- lymphocytes, macrophages, neutrophils, and
epithelial cells. In susceptible individuals, this inflammation causes recurrent
episodes of wheezing, breathlessness, chest tightness and coughing,
particularly at night or in the early morning. These episodes are usually
associated with wide spread but variable airflow obstruction that is often
reversible either spontaneously or with treatment. Such inflammation also
causes an associated increase in the existing bronchial responsiveness to a
variety of stimuli. Reversibility of airflow limitation may be incomplete in
some patients with asthma (Pocket guide for asthma management and

prevention, 2009).

Asthma is a worldwide problem with 300 million affected individuals.
It appears that the global prevalence of asthma ranges from 1% to 18% of
population of different countries. Over the recent years, the percentage of the
prevalence of childhood asthma increased significantly and this may be due
to either increased parental recognition or improved diagnostic processes.
The world health organization estimated among asthmatic patients that 15
millions having disability adjusted life due to asthma and 25.0000 deaths
which do not correlate with the prevalence (Expert Panel Report 3, 2007).
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The main goals for developing effective treatments for pediatric
asthma are to improve the quality of life by both reducing symptoms and the
frequency of exacerbations, to allow undisturbed sleep and performance of
daily activities, and to ensure a more healthy adult future. Despite advances
in modern medical care and the introduction of effective therapies, such as
inhaled corticosteroids, poor asthma control exists in clinical practice. This
lack of control can be attributed to two primary factors: (i) poor compliance
and adherence to treatment; and (ii) poor efficiency of inhalation drug
delivery, resulting from the inability of young children to correctly use
inhalers that were designed for adults. Significant effort needs to be invested
in the area of pediatric asthma to increase the availability of high-quality,
patient-centric medication and delivery systems (Eskandar and Fleming,
2010).

Carnitine is an amino acid derivative biosynthesized from lysine and
methionine, found in high energy demanding tissues (skeletal muscles,
myocardium, liver and suprarenal gland). Carnitine is indispensible for both
B oxidation of long chain fatty acids in the mitochondria and regulation of
the concentration and removal of the produced acyl groups (Evangeliou and

Vlassopoulous, 2003).

It was found that type Il pneumocyte carnitine palmitoyl transferase
(CPT) isolated from the rat lung plays an important role in remodeling
phosphatidylcholine(PC)  fatty @ acid  composition and  hence
dipalmitoylphosphatidylcholine(DPPC) and surfactant synthesis (Arduini et
al, 2001).
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During asthma exacerbations, there is increased release of
phospholipase A, (PLA;) from inflammatory cells into the airways. PLA,
has the capacity to hydrolyze phosphatidyl choline (PC), which is the
principal component of pulmonary surfactant (Ackerman et al, 2003). Thus
low level of total and free serum carnitine in asthmatic patients during or
shortly after moderate acute asthma attacks might be attributed to decreased
lung surfactant and the usage of body stores of L-carnitine to replenish it
(Asilsoy et al, 2009). The normal serum levels of L- carnitine during mild
acute attacks might be attributed to lesser destruction of pulmonary

surfactant, thus no need for usage of L- carnitine to resynthesize it.

The present study hypothesized presence of changes in free serum L-
carnitine levels during acute asthma attacks due to its utilization for
synthesis of pulmonary surfactant that is consumed during acute attack. The
utilization of L-carnitine as an adjuvant supplementation may reduce the

frequency and intensity of acute asthma attacks.
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AIM OF THE WORK

The objective of this study was to estimate free serum L- carnitine
levels during mild and moderate acute asthma attacks in a group of Egyptian
asthmatic children and to evaluate the effect of giving L-carnitine as an
adjuvant therapy to the standard asthma treatment on free serum L-carnitine

levels, frequency and severity of acute attacks and lung functions.



