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SUMMARY

The purpose of this study was to determine the applicability of the caffeine
breath test in assessing liver drug metabolism £ in éhi]dren with
Kwashiorkor and those on anti-TB drugs. Seventeen children aged between
3-10 years were recruited into the study, of which 8 were cases of
kwashiorkor and 9 on anti-TB treatment. Both groups were studied before
commencing dietary rehabilitation or anti-TB treatment.

1 dissolved in

Labelled caffeine was given orally at a dose of 3 mg kg
distilled water. Breath samples were collected by requeéting the child to
blow into the mask at intervals of 15 minutes for a period of 2 hours. The
collected sample were transferred into a labelled headspace analyzer vial

for storage pending analysis. The procedure was repeated after 10-14 days

of intervention.

Breath samples were analyzed at the Scottish Universities Research Reactor
Cenfre, Edinburgh. Unfortunately, due to fau]t'y seal on some of the
collection vials, only a limited number of specimens had adequate amount
of isotope for analysis (> 50). In the kwashiorkor group there were 4 single
'andv 3 duplicate samples which had adequate amount of isotope labelled
carbon dioxide for analysis. In the patients with duplicate samples a rise
in level of labelled car‘bqn dioxide recovered after nutritional

rehabilitation, 'the mean (SD) percentage was _2.86 (1.3) before and 3.6

Vvii



w

(1.39) after rehabilitation. In TB patients there were 3 single and 4
duplicate samples which had adequate amount of isotope labelled carbon
dioxide for analysis. In these TB patients with duplicate samples, two had

a notable rise and the other two had marginal decline in level of cumulative

labelled carbon dioxide after commencement of treatment.

The study showed that the caffeine breath test is a useful test of liver
drug metabolizing enzymes in children with malnutrition. The study also -
demonstrates that the caffeine breath test can be used in children of three

years of age or possibly younger.

Further studies are required particularly td repeat the test when the

children have recovered from malnutrition and tuberculosis.

Key words; Caffeine breath test, Children, Dietary rehabilitation, Anti-

TB, Kwashiorkor, Tuberculosis.
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CHAPTER 1

INTRODUCTION

1.1 INTRODUCTION

Profein energy malnutrition (PEM) is one of the major contributors to
‘imp"airment of health and growth of children in developing countries. The
role of infection and malnutrition, separate]y or in combination is an
important cause of mortality and morbidity. In deveioping countries,
infection and malnutrition continue to be responsible for the majority of

paediatric health problems L

Children with kwashiorkor have a history of proionged illness, anorexia,
frequent and prolonged episodes of diarrhoea, respira;cory tract infections
and often recent measles. Clinical features include, hair changes, mucosal
changés and an enlarged liver. Classical skin changes of crazy pavement

i . e B
dermatosis is only seen in oedematous malnutrition °.

Impaired cell proliferation, reduced surface area, énd disruption of the
mucosal barrier are the major contributors to intestinal deficit and impaired
absorption in malnutrition. Functional chgnges include hypochlohydria,
delayéd gastric emptying increased or decreased transit time 4. Asa résu]t

of the preceding factors there is growth faltering 2.



-AMalnourished children are more susceptible to infections particularly

!
" respiratory tract infection and intestinal parasitosis 5. This has led to
~ increased use of drugs in these patients in spite of inadequate knovgedge
1 in pharmacokinetics of these xenobiotics on malnourished or those children

J

- suffering from other infections such as tuberculosis 4.

' With the background knowledge that PEM imposes biological alteration on
various organs of the body including the liver which h.andles most drug
1 metabolism and detoxification, it is important to assess drug metabolism in
PEM. It is also evident that some anti-TB drugs such as rifampicin induce
liver metabolism 1. With these in mind it is sensible to postulate that drug

dosage for malnourished children may require adjustment 6’7.

One of the most important difficulties encountered, however, in carrying
out a study of drug metabolism in children is the need for blood sample
collection which is an invasive procedure. As such it is advantageous to

develop a noninvasive method of studying drug metabolism '

The development of the caffeine breath test as a tool of investigating liver
function is promising. It has been used jn some centres in Europe and
Amer1:ca with good results, however no work has yet been done in
developing countries with a huge demand for xenobiotics and a completely

7,8

different cultural and ecological background '°. While studying the drug

interaction amongst children suffering from cystic fibrosis who are taking




ciprofloxacin, Parker et al used the caffeine breath test. The caffeine
. breath test involves the use of a stable isotope of carbon (13 C)
incorporated into N-methyl branch of caffeine and administered oraﬂy.kl The
labelled methyl group then undergoes demethylation in the liver microsomes
~ with subsequent oxidation to carbon dioxide which is then exhaled through

~ the lungs. The rate limiting step in this process is, the activity of the

" enzyme cytochrome P450 1A2 (CYP1A2) /.

We carried out a pilot study using the caffeine breath test on 17 Uganda
children aged between 3 and 10 years with kwashiorkor and tuberculosis.

Most of whom also had superimposed infections.

1.2 BACKGROUND INFORMATION OF UGANDA

~ 1.2.1 Geography

The Republic of Uganda is located in East Africa and lies astride the
Equator, more than 2,000 km from the nearest ocean (Indian Ocean) 9’10.
This landlocked country lies between Kenya and Zaire to the east and west
respectively, Sudan to the north, and Tanzania and Rwanda form the
southern boundary. The international boundary of Uganda encloses a total
of 241,038 sq km, one sixth of which consist of lakes, rivers and marshes.
Lake Victoria, the third largest lake in the lworld, makes up most of the

open water area and it is shared by Kenya and Tanzania 10.



- Uganda is predominéntly an eleQated basin, averaging 1000 to 1300 meters
above the sea level. The high altitude contributes immensely to its
favourable climate 9. Temperatures ranges between 17°C and 260(; 10.
Annual rainfall varies considerably by region, the highestlevels averag:ng
over 2,000mm are found in the fertile crescent along Lake Victoria (central,
west and southwest). The rains are received in the months of March
through to May (heavy rains) and light rains between September and
December. In contrast, Karamoja which lies to the north east receives the

9’10. Due to the

lowest amount of rain averaging 500 mm annually
combination of climatic conditions, Uganda has tfopica] rain forest
vegetation in the south and savanna woodland and semi-desert vegetation
in the north. The regional agricultural potential and the lands population

carrying capacity is greatly influenced by the climatic condition 10.

- 1.2.2 History

Uganda is composed of many tribal groupings of Bantus, Nilotes and Nilo-
Hamites and those of Sudanese origin. Uganda was basically fragmented
into kingdoms or homogenous tribal groupings before Independence. They
spoke various languages and had unique cultural identities. However,

Lugandais the single most widely spoken language followed by Swahili and

English. English is the official language of t/he country 10.

Uganda gained Independence from British rule in 1962. After sovereignty

it became a member of the Commonwealth, United Nations, the Organisation



of African Unity, the African Caribbean Pacific States and Preferential
Trade Area.

(

At present Uganda is divided into 43 districts for ease of adminstrationvand

which do not necessarily represent tribal groups 10_

;}.2.3 Economy

‘Uganda has an agricultural economy with 90% of the population dependant
;;on agriculture and agro-based industries. Agriculture produces 98% of
;‘Uganda‘s exports and the country is basically se]f—sufficient in food. From
v"Independence to 1970 the ‘country had an expanding economy with Gross
:Domesh‘c Product (GPD) of 4-5% per annum, compared to a population

growth rate of 2-6% per annum 9'10.

- However, during the past 25 years, the country has experienced a period
iof civil and military unrest with resultant destruction of social infra-
1 structure and gross upset of economy. This has left a major scar on the
~ economy, educational and health situation of the general population. In
1986 inﬂaﬁon was around 260% per year. Since 1986, the Museveni
] government of National Resistant has created an enabling environment for

economic - recovery 9’10. Table 1.1 below represents some basic

socioeconomic indicators '0.



Figure 1: Map of the Republic of Uganda showing international
boundaries, position in Africa and administrative boundaries
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Table 1.1 Basic Socio-economic indicators in Uganda, various years

INDICATOR YEAR VALUE
. (
Population (thousands) 1988 15,947.8 °
Total Area (sq.km.) 1988 241,038
Land Area (sq.km.) 1988 197,100
Women of childbearing age as _ 1985 23
percent of the total
population
Population growth rate 1969-1980 ] 2.8
(year)
Life expectancy - males 1969 45.6
- females 1969 - 46.9
Hospital beds 1981 20,136
Beds per 10,000 population 1981 15
Population per physician 1981 23,000
Source: Ministry of Planning and Economic Development, various

Development Plans

1.2.4 Demography

The population of Uganda is estimated at around 16.9 million, with annual
increment of 2.8%. The high rate is due primarily to high level of fertility
prevéﬂing in the country, each woman has an average of 7.3 children by
the end of her obstetric career. As a result of the varying climatic
condition mentioned above, certain areas are more densely populated than

8,10

others ™’ 10.

. Table 1.2 below represents some demographic indicators




| (population/km)

Table 1.2 Demographic Indices, Uganda
INDEX CENSUS YEAR |
1948 1959 1969 1980
| Population 4,917,555 6,449,558 9,456, 466 12,636,179
Intercensal - 2.5 3.2 2.8
growth
Sex ratio 100.0 100.8 101.8 98.2
| Crude Birth Rate 42 44 50 50
Total Fertility 5.9 5.9 7.1 7.4
Rate
| Crude Death 25 20 19 - 20
Rate
I Infant Mortality 200 160 120 115
| Rate
| Percent Urban - 4.8 7.8 8.7
{ Density 25.2 33.2 48.4 64.1

Sources:

1.2.5 Health

“delivery. The NGOs' provide services both to hospitals and smaller units

10

Statistics Department, Ministry of Planning and Economic
Development, Entebbe.

Health services are provided by the Ministry of Health, the Ministry of
Local Government and NGOs', particularly the religious groups. The
government is responsible for planning and developing health policies and

for providing health in all government hospitals as well as health care



During the periods of civil unrest, preventive public health services such
as immunization and provision of portable drinking water were disrupted
leaving huge population susceptible to controllable diseaseé_v and

12

epidemics . Uganda's prospect for rebuilding the health serviées, begun

with immunization, control of diarrhoeal diseases, nutritional surveillance

and essential drugs programmes 13.

In 1990 a community based investigation (survey) was conducted in
Kampala under the hospice of Uganda EPI programme. The study revealed
that BCG immunization coverage was 85%, whereas measles immunization

coverage was a moderate 48% a

. Some studies in Uganda have also reported
an upsurge in the number of new TB cases reported. The TB excess is a
common trend associated with the AIDS epidemic. It is also a worldwide

trend ”’66.

The Government of Uganda has underscored the need to gradually shift
away from costly curative services to less costly and effective community
based‘preventive services. The government also put§ emphasis on the need
for self-sustaining cost effectiveness, with particular stress on maternal
and child health, environmental sanitation, provision of essential drugs
throﬁgh the essential drug programme to various outreach centres, water
supply, health education and improvement of immunization services

10,13

through EPI, as has already been mentioned The main goal is to

extend health coverage to all citizens by the turn of the century 10.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION
PEM has been underlined as a‘major nutritional problem in almost all
developing countries and coincides with many intercurrent illnesses as a

result of diminished host defence against infections 12,17

. The lungs are
the commonest site of infection and the pathogens involved are

predominantly Gram negative enteric organisms It has also been

15,67
recognised that concomitant existence of malnutrition and infection
accounts for a sizeable amount of childhood mortality and morbidity :
Septicaemia, gastroenteritis, pneumonia and disseminated tuberculosis

account for overall case fatality 15.

Mismahagement of infant feeding, abandonment of the breast for bottle
feeding, the use of inappropriate, contaminated weéning foods, poorv
environmental sanitation and placing too much reliance on antibiotics/anti-
diarrhoeals instead of oral rehydration and electrolyte replacements are
some of the key problems involved in the aetiology of malnutrition 2. As a
result of malnutrition and its consequences the need of these affected
childﬁeh for appropriate therapiesis recogr/oised, and further to this, trhese
therapies should be based on scientific principles rather than on

empiricism‘s’w’”.

10




Drugs are mostly lipid soluble, weak organic acids or bases of low molecular
weight. Thése properties facilitate the process of absorption. In blood,
part of the drug is bound to plasma proteihs and part remains free. Bi)und
drug is unavailable both for tissue action and biotransformation. The
process of biotransformation generally converts the drugs into compounds

which are inert and can easily be eliminated 18.

The metabolism of drugs by a group of enzymes witH wide substrate
specificity is located in the endoplasmic reticulum of the liver and other
org.ans 4’19. Most of these drugs undergo a series of reactions. For
instance, Phase 1 reactions involves oxidation, reduction, hydrolysis and
hydration. The reactions takes place pm’ncipéﬂly in the endoplasmic
reticulum of the liver cells. The cytochrome P450—depen6ent mixed function
mono-oxygenase system is quantitatively the mostimportantenzyme system
in theée reactions. On the other hand, Phase 2 reactions involves
conjugation of drugs or their phase 1 reactants to produce polar
metabolites which are usually therapeutically inactive and easily

excr‘et'edﬁ’w’20 :

2.2 PROTEIN ENERGY MALNUTRITION (PEM) AND DRUG METABOLISM
Krishhagwamy et al in his review of the literature demonstrated fhat
nutritional deficiencies, particularly PEM result in various physiological
‘and pathological changes that are pertinent to drug kinetics, disposition

and metabolism 4,. Drug metabolism in the malnourished is likely to be

11




altered in children with malnutrition especially overt malnutrition such as
- kwashiorkor, as a result of delayed absorption, reduced protein binding,
changes in volume of distribution, impaired liver function and decn\rgased

renal clearance 4’21.

Protein binding affects the plasma equilibrium between bound and the

21,22

unbound drug . Hypoproteinaemia results in high concentration of the

unbound drug with increased risk of the subject suffering from the toxic

effects 22 .

Protein binding occurs in the plasma. Equilibrium between bound and
unbound affects distribution which occurs by diffusion of free drug into
the tissue. Distribution of drugs occurs within the compartment which

~ essentially includes the blood and urine. In humans, studies have been

generally limited to blood and urine. To study pharmaco_kinetics one has to

analyze the contents of accessible fluids in order to make deductions

regarding the amount of drug in non-accessible regions of the body 22. The
caffeine breath testis convenient to perform pharmacokinetic studies with,

as it is a noninvasive procedure 7'8.

Studies have revealed a significant reduction in total plasma protein and
albumin in malnourished children particularly the kwashiorkor group.
However, dietary rehabilitation replete plasma triglycerides and plasma

proteins, which is accompanied by regression of the liver size 1’2'3.

12
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unbound drug with increased risk of the subject suffering from the toxic

effects 22 .

'rotein binding occurs in the plasma. Equilibrium between bound and
:nbound affects distribution which occurs by dii;fusion of free drug into
the tissue. Distribution of drugs occurs within the ;:ompartment which
essentially includes the blood and urine. In humans, studies have been
eneraﬁy h'mited‘to blood and urine. To study pharmacokinetics one has to
nalyze the contents of accessible fluids in order to make deductions

22

regarding the amount of drug in non-accessible regions of the body ““. The

;Caffeiné breath testis convenient to perform pharmacokinetic studies with,

‘as it is a noninvasive procedure 7’8.

tudies have revealed a significant reduction in total plasma protein and
«albumin in malnourished children particularly the kwashiorkor group.
However, dietary rehabilitation replete plasma triglycerides and plasma

" proteins, which is accompanied by regression of the liver size 1'2’3.
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PEM is known to produce stress in organisms affecting all systems 24.

- Cortisol and growth hormone have been implicated in some of these

21’24. Kwashiorkor and marasmic children showed pgsitive

~ activities
5 correlatic;h between cortisol and aspartate transaminase (AST), alanine
~ aminotransferase (ALT), and calcium transport (Ca (T)) and a negative
- correlation between cortisol and alkaline phosphatase (ALP). However, in
~ kwashiorkor children the correlation is to aless degree. Furthermore there
isa positive correlation between growth hormone and AL.P in kwashiorkor.

- Cortisol stimulates transaminases directly, suppresses ALP activity and

' indirectly increasing Ca‘(T) 24.

In another study, it has been demonstrated that'worsening of oedematous
malnutrition is associated with concomitant deteriorah;on of Tiver function
1 with subsequent increase in AST, ALT and ALP. Similarly, there is an
. increaéein leukotrienes synthesis in children suffeﬁ'ng from kwashiorkor,

- the action of which includes production of cedema %,

- The study of liver specimens obtained immediafely after death of
malnourished children reveals gross alteration in various organelles,
:' diminished glycogen stores and fatty infiltration of the liver parenchyma.
On the other hand biopsy from children who had recovered /from
malnutrition showed good cellular organisation and normal frequency of
'peroxisomes. This findings explains the liver's poor drug handling

3 capability in children with kwashiorkor 26.

13




: Cytochrome P450 represents a major metabolic frontier between the
environment and the body. Inter person differences in Cytochrome P450
profiles have been noted in some studies, which explains the reaégn for
requirement of heterogenous dosing of some individual drugs. Patients

- most likely to develop idiosyncratic toxicity once identified can benefit from

27

~ individualisation of dosing PEM, particularly kwashiorkor, is known to

result in depressed enzyme activity as well as low serum protein levels

4,23

especially albumin . These two factors may result in accumulation of

various drugs with subsequent increase in their toxicity 4.

Pond et al in their study of children suffering from kwashiorkor like
syndrome found that there was a significant decrease in serum albumin.
They also further detected that short term, severe, protein malnutrition

affected lipid, electrolytes and structural mineral metabolism and indices

28

of liver function in absence of parasites, diarrhoea and infection =°. A high

protein energy dense diet reversed the alteration and resulted in

improvement in serum albumin level 21’29.

Measurement of serum albumin has proved of great importance in assessing

the response of children suffering from cedematous malnutrition to dietary

29

rehabilitation Low albumin level also contributes significantly to

increased concentration of unbound drugs in plasma with ultimate

4,19,22

predisposition to toxic effect of these drugs . As mentioned earlier

albumin maybe useful in assessing the degree of liver impairment 19’29.

14




Ashton et al undertook a study amongst Ethiopian children suffering from
alnutrition, in an attempt to elucidate clearance of chloramphenicol
“monosuccinate and revealed that there was decreased plasma c]earagce in
severely malnourished children with kwashiorkor. In comparisoin to under-
;\_Weight and marasmic children, kwashiorkor subjects exhibited an increase
in the AUC of chloramphenicol 31. However, it was noted that bioavailability
- of chloramphenicol of both marasmic and kwashiorkor children lay between

31

- 30% and 40% 4 . From the study it is clearly evident that malnutrition

- affects absorption as well as metabolism of chloramphenicol 31.

A study carried out by Ashton (1993) et al Tooking into how malnourished
- Ethiopian children handle salicylic acid aftér a single oral dose,
demonstrated a larger Area Under Bound (AUC) piasma concentration
curve. They additionally showed that fractional excretion of salicylic was
lower %n children with kwashiorkor compared to control individuals, which
exemplifies lower hepatocellular metabolic activity in children with
oedematous malnutrition. This second study was in agreement with the

32

previous study done by the same investigator using chloramphenicol ** and

confirms other studies 6,31 ’

Abdei et al in their study postulated that cytokines cause depression of
cytochrome P-450 associated with drug metabolism in humans during
inflammation and infection. Interleukin-1beta, interleukin-6, and tumour

necrosis factor-alpha were found to be the most potent depressors of mixed

15




function oxidase enzymes. CYP1A2 and CYP2E1 mRNA levels and enzyme
activities were depressed by interferon—gamma. This suggests thatin sub-
saharan Africawith many infections, infestations and concomitantexistence

<

of malnutrition, different regulatory mechanism may be involved in drug

metabolism 3 .

In the part of Uganda where this study was done, most young children are
fed on a traditional diet based on plantain (matoke) which is low in protein

1,21

and typical cases of kwashiorkor are frequent ' . Other studies done

elsewhere have imph‘cated aflatoxin as a possible cause of kwashiorkor et ’34.

2.3 ANTI-TUBERCULOSIS TREATMENT AND DRUG INTERACTION
Tuberculosis is a major problem in Mulagoe Hospital, partly due to
breakdown in health infrastructure as a result of repeated civil unrest and

MM From 1985 to 1989 the number of

parﬂy» due to the HIV pandemic
tuberculosis patients attending Mulago Hospital doubled. The prevalence
of TB among hospital admission also increased from 3% in 1987 to 3.7% in
1989. Most of these patients presented with pulmon(ary tuberculosis and
were within the age group 14 to 44 years M. Extrapulmonary disease was
most common in the childhood age group 0 to 14 years. This age group
| 11,13.14_

accounted for over 50% of all extrapulmonary forms of tuberculosis

As a result of this, there is an increased use of anti-tuberculous drugs.

16



| 2.3.1 Rifampicin

- Of the firstline drugs used to treat tuberculosis, i.e. rifampicin, ispm‘azid
and pyrazinamide, rifampicin is particularly likely to cause c]injcally
significant drug interactions as it is a potent inducer of many' drugs, in
particular oral contraceptives, corticosteroids, oral anti-coagulants and

35’36. The use of quinolones to treat multiple drug resistant

cyclosporin
tuberculosis, and AIDS related Mycobacterium avium-intracellular complex
is not without limitation, as in contrast to rifampicin, thése drugs inhibit
- some cytochrome isoenzymes, leading to reduced metaboh'sm of certain

drugs 7.

In humans, rifampicinis extensively metabolized énd is known toinduce its
own metabolism 37. Several studies have also indicatéd that, rifampicin
specifically induces cytochrome P450IIIA subfamily and does not seem to
affect ihe cytochrome P450IA subfamily 37'38. Similarly, diphenylhydantion,
rifampicin and barbiturates induce enzymes responsible for degradation of |
oestrogens. The major target is the hepatic microsomal oestrogen-2-

hydroxlase (cytochrome P450I1I1A4) 36.

Rifampicin induces cytochrome P450IIIA and alters blood concentration of
drugs; Which are metabolized by this enzyme. Cyclosporin is metaboiized
almost completely in the liver, the rate limiting step in this process is the
'activity of cytochrome P450IIIA. Itis necessary to detect such interaction

in order to allow adjustment of drug dosage and subsequently reduce

17



toxicity and enhance therapeutic effects, in particular patients

administered many drugs known to have pharmacokinetic interaction 39.

2.3.2 Isoniazid

Isoniazid, an anti-tuberculous hydrazine drug undergoesacetylation within
the endoplasmic reticulum (ER) of the human microsomes. Individuals are
phenotyped as slow acetylator homozygous for slow acetylator gene, or
rapid acetylator homozygous or heterozygous for rapid acetylator gene.
Acetylator status can be determined through use of caffeine, isoniazid,
su]vfamethazine, sulfapyridine. However, caffeine has proved useful in
distinguishing between heterozygous and homozygous rapid acetylators and
also identifying slow acetylators who are apparently more prone to toxic

effects of drugs as a result of accumulation 40.

Like rifampicin, Isoniazid is an inducer of a specific cytochrome P450

41,42,43,44 45,46

isoenzyme . Isoniazid induces cytochrome P450 IIE1 . A study

has shown that isoniazid induces erythromycin N-demethylase activity

46. Other studies have also

which is a cytochrome P450 IIE isozyme
demonstrated isoniazid as an inducer of cytochrome P450 isoenzyme
responsible for biotransformation of organohalogen anaesthetics. Thus,

isoniazid enhances oxidative biotransformation of the anaesthetics 44.

Hepatotoxicity of anti-tuberculous therapy with isoniazid and rifampicin

has been found to be high in malnourished children. AUC of isoniazid is

18



significantly high in malnourished children 18

. There is need to modify
therapy appropriately to achieve therapeutic response and avoid toxicity
'8'40. The liver isinvolved extensively in the metabolism of endogenougand
exogenous substances, and is the main organ responsible for drug
metabolism. Thus, patients with liver disease may not metabolize drugs
normally and are at special risk of drug side effect, especially from the

above anti-tuberculosis drugs 19.

2.3.3 Pyrazinamide

!‘Pyrazinamide (PZA) has become an essential component of the current six
:mon';h regimen for therapy of tuberculosis. Susceptible strains of
%:tuberculous bacilli converts PZA into pyrazinoﬁ: acid (POA) through
_pyrazinamidase (PZase), which resistant strains like my‘cobacterium bovis

‘Bacilli Calmette Guerin lack .

Pyrazinamide in combination with rifampicin, isoniazid, and streptomycin
- when prescribed to newly diagnosed cavitating tuberculosis accelerates
recovery by excluding the risk of hepatotoxicity. It is recommended for

patients with rapid acetylation phenotype 48.

Patients with impaired hepatic function show marked reduction in
- pyrazinamide clearance and consequent increase in half life. The area
g,

" under the curve (AUC) of pyrazinoic acid (main metabolite) isincrease

- This has an inhibitory effect in elimination of uric acid, hence there is a

19



danger of toxic accumulation of uric acid. Pyrazinamide ingestion may

result into hyperuriceamia 49’50.

2.4 '3c/"%c TRACER/CAFFEINE AND XANTHINE DERIVATIVES

13

The '“C isotope has been used in human nutrition studies as a tracer of

choice due to its nonradioactive nature and broad applicability to all

51,69

population Bunn et al utilised 130 urea breath test to establish the

incidence of Helicobactor pylori infection amongst Gambian infants. In this

13

study °“C ureain polycose was given orally and labelled CO2 harnessed and

stored in vacutainer pending analysis. The procedure is non-invasive 52.

Some studies have utilised 14C as an isotopic tracér. Kruger et al and their
study of significance of dioxin in paediatrics used thé 14CO2 breath test.
The apparent enzyme induction of monooxygenase activity by 2, 3, 7, 8-
tetrachlorodibenzo-P-dioxin (TCDD) of metabolic conversion of [3-methyl
14C]—caffeine was shown to be dose dependent. The study further revealed
that caffeineisa convenient substrate for studying monooxygenase activity
and consequently liver function 53. In another study Kruger et al while
using 14C caffeine, demonstrated the suitability of the caffeine breath test
in assessing development of different monoxygenase in vivo using the
animal model. The studies may well be apph:cable for studies in chﬂdrén to

monitor effects of environmental pollution 54.

20




Theophylline a xanthine derivative has been used for prophylactic and
acute treatmentof asthmatic attack. When administered therapeutically, the

1 . Howe\Kvgr, the

blood level should be maintained between 10 and 20 mg litre”
main disadvantage of xanthine derivatives is that the marr_:iin between
therapeutic and toxic level is small and blood level over 20 mg 1itre'1 can
easily tip the subjectinto experiencing toxicity of these drugs 2’7. Despite
the mentioned disadvantage theophylline and caffeine are used in several

metabolic studies 7'8.

Fuhr et al, whilst studying the effect of grape fruit juice and naringenin
and activity of the human cytochrome P450 1A2, used caffeine as probe
drug or probe substitute. In the study both drugs inhibited metabolism of
caffeine, however, not to a significant level 54. Tanaka et al also made use
of caffeine and trimethadione as probe drugs in their pharmacokinetic
studies of drug interaction and in' the investigation of the mixed function
isozyme profile 57. Theophyllineis another methyl-xanthine derivative used

‘as a probe in the study of microsomal metabolism 55.

Parker et al, while studying drug disposition in children suffering from

cystic fibrosis infected or susceptible to Pseudomonas aerogenosa, utilised

radio-labelled caffeine as a probe drug. The children were taking

ciprofloxacillin a 4-quinolone antibiotic, which is universally known to be

effective in Pseudomonas infection. Ciprofloxacin like other 4-quinolones

is known to have an inhibitory effect on methyl xanthine derivatives 7.

21




' The labelled methyl branch of °C-[N-3-methyl]-caffeine undergoes 3-N-
“demethylation which is dependent on cytochrome P450 (CYP 1A2). After N-
demethylation the methyl group then enters one carbon pool wher\e_vit is
converted to formaldehyde, formate, bicarbonate and then exhaled as
carbon dioxide through thelungs. Thereisademonstrable significantdrug
interaction when caffeine is given concomitantly with ciprofloxacin !
Inhibitory effects of ciprofloxacin on caffeine metabolism and other

58'59. Caffeine has provéd a

 quinolone derivatives has been documented
reliable probe drug in many studies, moreover its products of metabolism
can be harnessed as gas and does not require invasive procedure, hence

it is a favourable tool for s’tudy of drug metabolism in children 6’7’8.

: Caffeine degradation is impaired in patients with liver cirrhosis and is
greatly enhanced in patients on phenytoin therapy. Caffeine, unlike
§ theobrémine and theophylline, is degraded by the paraxanthine pathway
60. Similarly omeprazole has been shown to induce cytochrome P4501A2
~ activity both in vitro and in vivo. rThis was evident when the caffeine
breath test was performed before and after treatmenlt with omeprazole in
~ both poor and extensive metabolizers. The results showed a significant

correlation. Omeprazole, like phenytoin induces CYP1A2 activity 61.

Measurement of the excretion of metabolites of caffeine, provides a
noninvasive means of assessing enzyme induction or inhibition 6. CYP1A2

is an inducible cytochrome P450 isozyme and has been used in some studies
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to assess N-hydroxylation of numerous aromatic amines to mutagens and
- carcinogens CYP1A2 activity is also a useful monitor of liver damage 62.
(

The human cytochrome P450 1A2 isozyme mediates 3N demethylation of
~ caffeine 7'8. This supports the hypothesis that plasma clearance of caffeine
is a specific in-vivo probe for determining human cytochrome P450 1A2
~ activity and ultimately liver microsomal function. Other 4-quinolone
antibiotics agents such as perfloxacin are known to' inhibit caffeine

metabolism in-vivo and in human liver microsomes 7.

Caffeine has been utilised in many studies as a probe drug with good
results, however, the caffeine breath test has been tried in few centres

881 1n a Zimbabwe study, children were given

with successful outcome
coca-cola, a caffeinated soft drink, and 24 hour urine was then collected
in an aftempt to measure the level of metabolites. The study concluded that
there is a significant reduction in caffeine metabolism amongst African
children. However, the experiment was rather crude and the level of
caffeine was not measured accurately. But, in spite' of this, the result is
still valid and partly supports the idea of confounding factor which
influences the outcome 62. Another study also proved that caffeine can be
used ‘to.estabh'sh acetylator status after oral adminstration of the p‘robe

followed by measurement of the level of caffeine metabolites 40.
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CHAPTER 3

OBJECTIVES AND METHODS

3.1 OBJECTIVES

To determine the applicability of the caffeine breath test in
assessing liver function in children.

To investigate the effect of oedematous malnutrition on drug

metabolism.
To investigate the effect of anti-tuberculous drugs on bio-
transformation of caffeine in children taking anti-tuberculous

treatment.

3.2 SAMPLE SIZE DETERMINATION
- The sample size (n) was estimated in reference to a study carried out by
ﬁ Parker et al in children with cystic fibrosis. The following formula was

~ employed:

(X1 - xz)
; X =%, = Difference between means
Si s Sy - Standard deviations

u. Two sided percentage point of the normal distribution corresponding
to 100% - the power; e.g. if the power = 90%, u =1.64
v. Percentage point of normal distribution corresponding to the two sided

significance level = 5%, v = 2.45
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"From the study undertaken by Parker et al;

X =9.37 x,=4.17

2
'5,=2.60 s, =1.33 5

When the above are substituted in the equation then n = 5.2

In the study 8 malnourished children and 9 children on ant-TB treatment

were recruited63 as considered adequate numbers for the study.

3.3 METHODS

3.3.1 Plan of study

The study was carried out between the months of July and August of 1995
at Mulago Teaching Hospital. Informed conseﬁt was obtained from the
parents and the study was approved by the local e;chics committee and
Makerere Postgraduates Research Committee. Two groups of patients were
studiéd (aged between 3-10 years) before, commencing anti-tuberculous
treatment or nutritional rehabilitation. A follow up study was performed 10‘
to 14 days thereafter in both groups. The patients were recruited from the
outpatient clinics, from various paediatric wardé and Mwanamugimu
Nutrition Rehabilitation Unit. TB cases were recruited from children

attending either the chest clinic or TB outpatient clinic at Mulago hospital.
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3.3.2 Patient selection

23.2..1 KWashiokor (Oedematous malnutrition)

Malnutrition was defined according to Wellcome Classification. Thg other
variables taken into consideration during selection of these cases are:
history of prolonged illness, anorexia, prolonged recurrent diarrhoea
amongst other details indicated in Tables 3.1 and 3.2. More detailed

criteria is outlined in the questionnaire in Appendix 1.

Table 3.1 Wellcome Classification

OEDEMA
WEIGHT % OF PRESENT ABSENT
STANDARD #*
60 - 80 Kwashiorkor ~Underweight
< 60 Marasmic- Marasmus
kwashiorkor \

* 50" percentile weight for age

Table 3.2 Relationship between S.D, Centile, % Weight/Age and
Gomez Classification
STANDARD CENTILE % WT/AGE GOMEZ
DEVIATION
0 50 100 Normal
25 90
=1 10 85 Mild
-2 3 80
-3 75 Moderate
-4 , <60 Severe

3.3.2.1.1 Selection
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3.3.2.1.1  Selection

-~ Seven chﬂdfen with kwashiorkor and one child with marasmic-kwashiorkor
were enroled in the study. The following details were recorded ff‘O!Tl each
individual patient; age, height, weight, and detailed drug history. The

children were rehabilitated on dried skimmed milk, cotton seed oil and

micronutrients "DISCO" until oedema subsided.

DISCO 150 is a term coined after the initial letters of the main ingredients

used to prepare the diet for severely malnourished children.

Recipe for the diet:

Dried skimmed milk powder 78.5g

Sugar 47 .3g
Cotton seed oil 59.3g
Potassium chloride ' 1.0g
Magnesium hydroxide 0.5g
Total 186.6g

The quantities were weighed carefully using clean scales and clean
utensils. The milk powder and sugar were mixed first with potassium
ch]oridé and magnesium hydroxide. The oil was then added graduaﬂy and
the whole mixture thoroughly stirred. 186.6g of DISCO is reconstituted
‘into one litre with boiled and cooled water. During reconstitution water is

added gradually. until a mixture of smooth consistency résults.
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Calculating dietary requirement of a child under nutritional rehabilitation

The requirément is calculated according to weight.
For catchup growth the children are started on 120 to 200 kcal kg-1 sdvay'1.
Thus, a child of 7.2 kg will require;

150 x 7.2 = 1080 kcal day”

1 ml of mixture contains 1 kcal

Kwashiorkor children are given 100 kcal kg'1 day'1 initially.

The diet is given 5 to 7 times each day.

3.3.2.1.2 Assessing improvement on nutritional rehabilitation

- The children were weighed daily before mor‘m'ng feeds and recorded.

- The children were also assessed clinically fo:; disappearance of
oedema.

- improvement in skin lesion was also assessed.

- Changes in mental status was also assessed.

~ On attaining the required catchup growth the chﬂdrén were introduced to
a less refined diet made from locally available foodstuffs "kitobero”. This
was in preparation for discharge and subsequent domiciliary care. The
sevem:ty of the malnutrition was measured with the degree of the oedéma,
apathy, dermatoses (skin changes), and serum albumin level. Other
‘medication besides DISCO received included, ferrous sulphate (FeSO4),

anti-helmenthics,
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Figure 3.1: Kwashiorkor child with typical skin lesions (dyspigmentation
and exfoliation) together with generalised oedema and cheilosis

28




folic acid, vitamin A and anti-malarials for those children with overt
malaria. Severély anaemic patients were transfused carefully with packed

cell in order to avoid fluid overload. %

3.3.2.2 Selection of TB cases

Nine children aged between 3 - 10 years with various forms of TB
(pulmonary and extra-pulmonary) were recruited for the study. All these
patients were attending the chest clinic and TB clinic at Muiago Hospital.
The diagnosis was based on history of contact, posifcive Mantoux test,
Zistory of chronic cough ‘not amenable to conventional antibiotics or

broncho-dilators and suggestive chest X-ray. The clinical details are

illustrated in Table 4.3 and Figure 4.3.

The caffeine breath test was performed before commencing the patient on
nti-tube'rculous drugs and fourteen (14) days thereafter. Other
medications received included crystapen penicillin, gentamycin and

multivitamin.

3.3.3.1 The caffeine breath test procedure

The patients were trained how to blow into the bag a day prior to the test.
Al] recruited patients abstained from caffeinated products such as tea,
coffee or soft drinks containing caffeine for 24 hours and fasted for at least
4 hours before caffeine breath test. Breath tests were performed between

8am and 2pm. The patients' activities were restricted duﬁng the test.
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Three breath samples were initially taken at an interval of 10 minutes
before admiﬁsfration of caffeine, subsequent breath samples were taken at
an interval of 15 minutes for a period of 2 hours after adminstration of
caffeine, i.e; -20, -10, 0, 15, 30, 45, 60, 75, 90, 105, and 12O minutes.
The labelled caffeine was given at dose of 3mg kg'1 dissolved in distilled
water followed by a blackcurrant drink to help blunt the bitter taste. The

solution was given orally and the container rinsed.

Breath samples were collected by getting the child to blow through a mouth
piece and connector into a mask (Figure 3.2-5). The expired was removed
from the collecting unit by means of 20 ml syringe and was transferred into

a labelled pre-evacuated headspace analyzer vial.

3.3.3.2 Outline of the procedure
* The QuinTron Alveosampler é disposable Ha]dane—_Priesﬂey tube was ,
used. It permits one patient use of a device to collect an a]veo]ar‘
sample in a standard syringe for transfer into a pre-evacuated
headspace vial pending analysis. This also rémoves the danger of

cross-infection and saves time too.

* AlveoSamplar mouthpiece was removed from its protective sealed
bag.
* A stopcock was put on the syringe, the stopcock opened and syringe

plunger pushed all the way in.
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The stopcock and the syringe were then attached to the
AlveoSampler by inserting the male end of the stopcock firmly into
the side-hole in the middle of the mouthpiece .,
The patient was asked to breath normally and at fhe end of
inspiration the mouthpiece of AlveoSampler is putinto the mouth and
the patient is allowed to exhale normally into the bag (not too rapidly
nor too slowly).

As the patient exhales the polyethylene bag is filled with the. air,
which vents through a small hole out of the bag, so exhalation can
continue. The first few mls of air in normal exhalation comprises
deadspace air. When the polyethylene bag was filled then it was
certain that the deadspace air had been flushed out of the airways
and the remaining air was coming from the alveolar.

While the patient continues to exhale through AlveoSampler, and
keeps the bag inflated, 20ml alveolar air is withdrawn into the
syringe before the patient ceases to exhale. The patient must keep
his mouth tightly closed around the mouthpiece until the sample is
collected.

The stopcock is turned off after filling the syringe with the sample.
The whole procedure is repeated at an interval of 15 minutes and for
a duration of 2 hours. The whole procedure was repeated in 10-14
days when the PEM children had improved and the tuberculous

children had been on chemotheraphy for a period.
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Figure 3.2: Showing pre-evacuation of the headspace vial in the caffeine
breath test procedure
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Figure 3.3: Harvesting of the labelled carbon dioxide after administration
of labelled caffeine
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Figure 3.4: Transfering
analysis

the




The samples were then sent to Liverpool for onward mailing to The Scottish
Universities Research and Reactor for analysis. See Figure 3.2-3.5
(

(collecting set and picture of the procedure being performed on oné& of the

- patients).

3.3.4 Analytic methods

13

- In human nutrition studies “C is the isotopic tracer of choice because of its

nonradioactive nature and broad applicability to all populations. However,

14

in contrast to ''C, tracer 130 always mixes with pre-existing pool of 13C in

the body, and atmosphere, thus tracer measurement involves changes in

13

enrichment baseline. Natural abundance of C must therefore be

established 9.

The 13(3 enrichment of breath samples undergoes analysis of CO2 by gas

isotoﬁic ratio mass spectrometry (reference as above). Breath samples are
injected manually into the on line gas preparation device (Roboprep;

Europa Scientific Ltd, Crewe, UK) where they inv turn, are dried and
resoNed from interfering components by gas chromatography and passed,
using helium as carrier into the jon source of an isotope ratio mass
spectrometer (MM602; VG Isotech, Middlewich, UK). The ion beams m/z 44
and rﬁ/z 45 will be monitored constantly and be utilized to calculate partial
pressure and 13C enrichment of COQ. The referénce standard must be taken

into consideration all the time. Cumu]ati\)e percentage exhaled labelled 002

throughout the 2 hours is recorded 7.
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3.3.4.1 Statistical analysis
The results were compared before and after nutritional rehabilitation in
kwashiorkor children and in those children suffering from TB, the results

were analyzed before and after adminstration of anti-tuberculous drugs,

both using student t test. A p <0.05 value is considered significant.
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CHAPTER 4

RESULTS
The major problem with the study was that there was a leak from thé,vbottles
due to a fault in the cap during manufacture. Altogether, éround 1000
'\/ bottles were taken to Kampala. In 3 cases the amount of labelled caffeine
brecovered was < 50%. Samples > 50% were adequate for study. In total,
samples were adequate in 2 single tests and 3 duplicate tests in
kwashiorkor and 3 single tests and 4 duplicate tests in tubercmosis.

Results for patient 152 were not received.

TABLES OF SELECTION CRITERIA:

Table 4.1 Clinical characteristics of kwashiorkor children
STUDY | SEX AGE WEIGHT | HEIGHT DIAGNOSIS
No. (yr) (kgsz (cm)
(SD) (centile)
150% F 7 14.5 (-3) | 106 (3") | Kwashiorkor
151 F 5 14.3 (-2) | 108 (50" | Kwashiorkor
152 M 6 12.2 (-4) | 102 (3" | Marasmic-
Kwashiorkor
153 - B 3 10.2 (-3) | 84 (3"%) | Kwashiorkor
154 M 43/12 | 13.1 (-2) | 102 (25'") | Kwashiorkor
155 M 4 12.3 (-3) | 98 (10'") | Kwashiorkor
156 M 42/12 | 1.6 (-3) | 90 (3"%) | Kwashiorkor
157 M 4 8.7 (-4) | 98 (10") | Kwashiorkor

* The patient was lost to follow-up

; SD below the mean weight for age
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KWASHIORKOR

| Clinical characteristics

8 kwashiorkor patients were recruited (Table 4.1 ). The pre-admission

weights were found to be below 3rd

percentile and below 80% weight for age
in accordance with the Wellcome classification. Their ages were between 3
to 7 years, with mean (s.d) of 4.7 (1.2) years. All except one child had
moderate anaemia with Hb range mean (s.d) of 6.2 (1) gd]". Only one child

required blood transfusion. Of the 8 recruited patients, 3 were females and

5 were males.

CAFFEINE BREATH TEST

Table 4.2 Caffeine breath test in kwashiorkor
Patient Caffeine Interval % caffeine dose % caffeine dose Increase/
dose (mg) between recovered on recovered 10-14 loss
doses admission (2 hr days post
(days) cumulative) nutritional
rehabilitation
(2hr cumulative)
150" 43 % 1.36 Absconded | -
151 43 13 1.36 2.05 +0.69
152 % * % % *
153 30 14 missing 0.4 -
154 39 14 3:52 4.76 +1.24
155. 36 13 * 4.4 -
156 35 14 0.82 * -
157 26 11 3.69 3.95 +0.26
Mean = S.D (paired) 2.86+1.3 3.6*1.39
Mean + S.D. (unpaired) 2.15 + 1.35 (all initial results)
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Qut of the 8 patients enroled into the study, patient 150 whose condition
was rather grave refused the repeat test and then absconded (Table 4.2).
Patient 153 had no result for repeat test. Neither patients 155 nor 1&_‘36 had
: any results. Three patients in this group had duplicate results with
- adequate amount of labelled carbondioxide. The results revealed slight
/improvement in liver performance following 10-14 days of dietary
rehabilitation. Table 4.2 shows the labelled cumulative 2 hour COQ output
for each of the 3 patients both before and during nutritioﬁa] rehabilitation,
expressed as a percentage of oral caffeine administerjed. 2.86% (1.3) of the
g caffeine dose was exha]ed as CO2 in 2 hours nutritional rehabilitation, and
3.59% (1.39) during nutritional rehabilitation. The results revealed low

62

| levels of labelled caffeine exhaled as CO2 " . Figure 4.2 shows the mean

data of the three patients with duplicate results.

The cdmparison of pharcokinetics between this malnourished child before
and after dietary rehabilitation with the results obtained %rom the study of

Parker et al showed a reduction in exhaled caffeine as 002 7.

It was also evident, in spite of the progress made by the children on
introduction to dietary rehabilitation, the an test was performed too soon
before adequate return to proper nutritional status. All the children
studied still had palpable liver and almost all- had not attained catchup

growth. The other notable problem was the dwindling supply of ingredients

used for reconstituting DISCO 150. There was also a problem in initiating
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used for reconstituting DISCO 150. There was also a problem in initiating
nutritional rehabilitation since these children were too anorexic. As a
result, they were vomiting most of the feeds initially.

There was initial decline in weight of these children corresponding to loss

of oedema. This decline in weight and subsequent loss of oedema was

h h

evidenced by 7t to 10t day during nutritional rehabilitation. Figure 4.1
shows typical initial response to nutritional rehabilitation in two patients,
154 and 155. 154 had a bout of malaria and respiratory iﬁfection during the
initial stages of dietary management, whereas paﬁent No. 155's response

to dietary intervention was uneventful.

TUBERCULOSIS
Table 4.3 Clinical characteristics in children with ‘tuberculosis
STUOYNO. | SEX | AGE | WEIGHT (kg) | HEIGHT) (ca) | DIAGNOSIS
‘ (yr) (centile) (Centile)
170" M 10 |21 3% 105 (3% | PTB 2LIP
171 F 9 24.3 (10" | 113 (3" | PTB(EFFUSION)
173 M 7 21.5 (50" | 117 25ty | PTB
174 M 10 | 28.3 (25" | 128 10"y | PTB
175 M 5.5 |17.4 (25" | 106 (10""y | PTB/EXT
PULMONARY
176 F 6 16.5 3y | 105 (3™ |pTB
177. F 3 14.6 (50" | 96 (50'") | EXT/PULMONARY
178 F 4 14.6 (101 | 102 50"y | PTB
179 M 6 17 10ty 106 3"y | PTB

he two children with extra-pulmonary tuberculosis both had TB adenitis.
The patient got lost to follow-up
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~ In this group, a total of 9 children, 4 females and 5 males, mean age * s.d
 of 6.7 +£2.5 wvere recruited into the study. Almost all the children had mild
~ to moderate malnutrition as well as tuberculosis. All the children éaro]ed
into the study were commenced on anti-tuberculous regimen ‘comprising
Rifampicin (20 mg kg™'), Pyrazinamide (30 mg kg™'), and Isoniazid (20 mg

'1). Other medications received included under water seal drainage

kg
crystalline penicillin and gentamycin for patient No. 171 who had pleural
effusion. Patient No. 176 suffered from a bout of pneumonia 4 days brior

to the second test and was started on streptomycin and crystalline

‘penicillin in addition to anti-TB chemotherapy.

Table 4.3 shows clinical characteristic on admission. All the patients had
a Mantoux test >15mm, 8 patients had chest x-ray suggestive of
tuberculosis, high ESR and a history of contact in some cases. A history
of chrénic cough not amenable to tréatment, of loss in weight coupled with _
a high index of suspicion were used as additional factors for diagnosis
(Figure 4.3). Patient No. 170 with diffuse interstitial pneumonitis, was
thought to have chronic or recurrent pneumocystis carinii complicating

AIDS. He was started on anti-TB, but was lost to follow up.

42



Response to Dietary supplement

- ‘ o weight (+13000) gm
3500 e R 5.5, . [ . R E—

3000 | _ A

2500 | ‘ /x//’

2000 //

P S
2%

1500 %
1000 S g o o

500

0 ISP i L R S L S N URUU -= el (LS ol
0 5 10 15 20

Pts with kwashiorkor

Figure 4.1

~* patient No.156 ' patient No.154




Figure 4.2

Caffeine breath test in kwashiorkor

% cumulative caffeine

Pt. No.151 Pt. No.1

Bl Admission t— 1Intervention 10-14ds

44



Clinical features of TB.

FJr“equency.

10

45

selection criteria TB.

Bl Contact -1 BCG scar. ] Cough X CXR suggeéting TB

| Figure 4.3:

[ | Mantoux>15 mnl___| Diagnosis.PTB E&2 Diagnosis.ExtPE==] ESR >50 mm/hr




Figure 4.4

10

)

Pt. No. 171

caffeine breath test in TB

% cumulative caffeine.

10

46




Table 4.4 Caffeine Breath Test in Tuberculosis
Patient Caffeine % caffeine dose % caffeine dose Increase or
dose(mg) recovered on recovered 10-14 loss
admission (2 hr days after
cumulative) (A) commencement of B-A
drugs (2 hr
cumulative) (B)
170 63 0.24 Absconded (no |-
repeat)
171 73 1.75 8.23 +6.48
173 64 0.39 2.29 +1.9
174 85 7.38 * -
175 51 9.54 8.14 -1.4
176 48 4.61 * —
177 43 5.65 4.53 -1.12
178% 42! * * _
179% a8* * * _
Mean + S.D. 4.2 + 3.5 *inadequate sample

Table of variance

Comparison of Ugandan children with kwashiorkor and tuberculosis with

Engh’éh children with cystic fibrosis/first caffeine breath test (on

admission)
Table 4.5 Table of variance before intervention;
SAMPLE MEAN VARIANCE SAMPLE SIZE
Kwashiorkor 2.15 1.82 5
B 4.2 12.2 7
Cystic fibrosis' 9.37 6.76 6

p value < 0.001 *Parker et a]7

N.B. Al values are for initial test prior to any intervention such as

Dietary rehabilitation, anti-TB, or adminstration of ciprofloxacinin Cystic

Fibrosis.

47




TB patients were generally nutritionally better than their malnourished
counterpafté. Table 4.4 shows labelled cumulative 2 hour CO2 output for
each patient both before and during anti—‘tuberculous treatment exfxessed
as a percentage of the oral caffeine administered. Out of the‘expected 8
duplicate and one single results, we only have 4 duplicate results and 4
single results as illustrated in Table 4.4. Of the 4 duplicate results, 4.3%
(4.1) of the caffeine dose was exhaled as CO2 in 2 hr before initiating anti-
TB treatment, and 5.79% (2.8) during anti-TB treatment. The 4 dupficate
results revealed some improvement in exhaled labelled cumulative 2 hr 002
in two patients (171 and 173) and a decrease in two patients (175 and 177),
following treatment of TB. The two very sick patients especially 171 who
had pleural effusion, showed remarkable impfovement following

commencement of ant-TB regimen (Figure 4.4).

Levels of labelled cumulative 2hr COQ. (P<0.001). Table 4.5 compares the

English chﬂdren7 and Uganda children.
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CHAPTER 5§

DISCUSSION

5.1 INTRODUCTION

Lambert et al is cited by Parker et al to have performed the first caffeine
breath test in children. In there study they showed that the time to peak
rate labelled carbon dioxide exhalation occurred in the first 2 hours after

7

adminstration of caffeine '. It has been shown that the 2 hour cumulative

exhalation reflects 3-N-demethylation and that, this is a cytochrome P450

(CYPIA2) dependent reaction 7'8.

There are many constraints involved in carryiné out metabolic studies in
these children. The issue of ethical consideration, avéﬂabﬂity of financial
resources, development of a more acceptable procedure other than those
involvi'ng venepuncture, which is basically an invasive procedure, are
some of the important constraints encountered. The caffeine breath test
may be an important tool in studying drug metabolism, since it is innocuous
and moreover its products are easy to harness as has been demonstrated

in previous studies 7’8.

5.2 “'KWASHIORKOR
Malnutrition is known to be potentially fatal especially in children less than
5 years. PEM and concomitant infections continues to have profound effect

1,220

on children in the developing countries . These children are subjected
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to many drugs without necessarily knowing their drug handling capability.
Hitherto, no comprehensive pharmacological study had been done to

demonstrate how children can handle drugs. <
The purpose of this study of Ugandan children was to determine the
applicability of the caffeine breath test in assessing potential liver damage
in children with oedematous malnutrition and those on anti-tuberculous
drugs. PEM is known to cause biological alteration of virtually all ofgans
in the body including the liver which handles most drug metabolism and
detoxification 2’18. Our study demonstrated a lower level of 1abelled caffeine
exhaled as CO2 amongst malnourished children. Of the 3 sets of complete
results there was a demonstrable improvement in the value of 2 hour
cumulative exhalation of labelled carbon dioxide following 14 days of
nutritional rehabilitation. This reflects improvementin 3-N demethylation
which »is a cytochrome P450 (CYPIA2) dependent reaction (Table 4.2 and_
Figure 4.2). Available literature indicates that protein energy malnutrition
in childhood does not lead to permanent liver damage. PEM improves on

dietary treatment L,2,4,20

The results of the first caffeine breath test when, further compared to the
study by Parker et al on English children suffering from cystic fibrosis
before introduction of ciprofloxacin, shows lower levels of 1abelled caffeine

in Ugandan children (p value < 0.001; Table 4.5) 7. This result is in

agreement with the finding of a study conducted by Masimirembwa et al on




Shona children, where they demonstrated reduction in caffeine metabolism

amongst Zimbabwean children of African origin 62.

g

All the malnourished children under study had a palpable liver, in addition

to oedema, also hair changes and skin dyspigmentation were present in

1,2,65

some patients . Studies have revealed fatty infiltration of the liver

amongstchildren with kwashiorkorand marasmic-kwashiorkor, irrespective

21,64

of the liver size . Enlarged liver or rather fatty infiltration of the liver

is associated with reduced lipoprotein production and thus inability to

transport lipids from the liver. Liver microsomal enzymes, albumin and

1,2

total plasma proteins are usually reduced With the evidence of

biological alteration of liver which handles most drugs, these children are

in great danger of drug intoxication as result of reduced drug

me’cabolism1 18 .

It is well documented that children with malnutrition have poor liver

18,34,62

function . Another study has revealed decreased albumin and total

protein level and associated increased level of transaminases in subjects

28

- afflicted with kwashiorkor “°. In addition to poor liver function these

children are known to have poor absorption as a result of alteration of

gastric mucosa as well as change in transit time 4.

Response to dietary rehabilitation was good. However, it is important to

allow these children adequate time to make a full response to dietary
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treatment. There was loss of weight which coincided with loss of oedema
and subsequent improvement in mental status of the patients. There was
also reasonable improvement in Tliver function following c}ietary
rehabilitation as shown by the caffeine breath test (Table 4.2 and Figure
4.1). This is in line with previous findings of a study done in Kampala 29.
Another study by Seifart et al on malnourished children, revealed that it
was possible to see a demonstrable change in anthropometric parameters

after 6 months of nutritional rehabilitation 68.

The duration of this study was too brief and was not adequate for full
recovery of the Tliver and other organs affected by the stress of
malnutrition. In future studies, children ought to be given ample time to
recover before repeat test is performed in order to be able to appreciate
the disparity between drug handling ability of malnourished and those
childreh who are nutritionally rehabilitated. Three tests are suggested, on
admission, 2-3 weeks after initiation of nutritional rehabilitation and on full

recovery.

A dwindling supply of DISCO 150, jeopardised the recovery of these
patients. In Uganda diets containing up to 200 cal kg'1 day'1 in a skimmed
milk oii and sugar mixture (DISCO) are given to the children under
nutritional rehabilitation. This brings about dramatic improvement in

1,29

weight Children in India treated with 200 cal kg'1 have also

demonstrated rapid and adequate improvement 1.
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The pilot study was performed soon after the harvest and thus, there was
plenty of food in store to eat. Diseases due to malnutrition tend to follow
(
a seasonal pattern, for instance problems seem to be so rampant dur‘ibng the
rainy periods, the times when mothers spend much of their time in the
garden at the expense of breast feeding 65. This explains why the turnover
of malnourished patients was low, reéulting in difficulty in recruiting
suitable patients. The other major constraint we had to.grapple with was
patient compliance. The patients presenting to the hospital were either too

sick to withstand the time-consuming and strenuous test or too young to

comply with the requirements, which involved blowing into bag.

Otherwise, besides possibility of leak as a result of fault during
manufacturing process of the headspace vials and also scarcity of patients
asa resu]t of harvest, the study was overall satisfactory as a pilot. In this
study we were able to demonstrate that caffeine breath test is a feasible in
vivo test of drug metabolism and liver function in children suffering from
malnutrition. It was also possible to infer that enzyme system is not

functioning at optimum rates in this children as shown in both Table 4.2

and Figure 4.2.

5.3 TUBERCULOSIS
The small sample was a limitation to our study. However, our results
revealed increase in labelled caffeine in two patients. The increase could

be due to improved nutrition or induction by drugs. Tests done when
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patient is normal would be standard at which to assess first and second

test.

{
<

<

Rifampicin and isoniazid are known to cause drug induction 37'41'42.
Hepatotoxicity of anti-tuberculous therapy with isoniazid and rifampicin

has been found to be high in malnourished children. There is need to

modify therapy appropriately to achieve therapeutic response and avoid

18,40

toxicity Both rifampicin and isoniazid are metabolized by CYPIIIA

37,46

and CYPIIE1 isoenzymes respectively and do not have effect on

CYPIAZ.

Rifampicin is extensively metabolised and induces its own metabolism as well
as other substrates sharing the same metabolic pathway catalysed by

37,38,39

cytochrome P450IIIA1 However, rifampicin seems to have little

influence on cytochrome P450IA2 (CYPIA2) sub-family, an enzyme which

catabolizes demethylation of caffeine 36’37’38.

Our result of the paired
samples demonstrated little impact if any of anti-TB drugs on the outcome
of the quantity of labelled caffeine exhaled as carbon dioxide. In view of
this, it will be worthwhile repeating the test after one month's treatment
with anti-TB in order to allow enough time for enzyme induction to take
place. .It will also be necessary to perform a similar test on better nourished

individuals on similar treatment, preferably English children suffering

from TB.
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Isoniazid, as rifampicin, is also an inducer of specific Tliver

41,42,43,44,45,46

isoenzyme In some studies caffeine has been used to

(
determine acetlylator status of people in an attempt to identify those who

are prone to toxic effects of the drugs 40.

The standard triple regimen of
pyrazinamide, INH and rifampicin employed in management of TB is capable
of causing hepatotoxicity especially when given in high doses. Rifampicin
and isoniazid are known to induce specific liver isoenzymes and, as a
result, alter blood levels of drugs metabolized by these isoenzymes. It is
necessary to identify such interaction in order to allow adjustment of drug
dosage and subsequently reduce toxicity and therefore enhance

therapeutic effect 39,40

. In our study these drugs. did not appear clearly as
inducers of caffeine metabolism (Table 4.4 and Figure 4.4). Further
studies need to be done on these children after specified time of anti-TB
therapy to be able to possibly see a discernable induction or improvement

in drug metabolism 68.

Whilst performing the caffeine breath test, we were confronted with quite
a number of problems, which could have most probably influenced the
result. Some of the most pertinent problems encountered were on patient

recruitment and patient compliance.

Diagnosis of tuberculosis in children presents a dilemma, the great
variability of signs and symptoms makes it imperative that it be considered

in the differential of any obscure or ill defined clinical problem 64.

55



Nonetheless, chest x-ray with signs of pneumonia unresponsive to
standard antibiotics, enlarged peri-hilar and mediastinum were suggestive

k . .
of tuberculosis 65. History of contact though difficult to discern, positive

Mantoux test > 15 mm, loss in weight and history of chronic cough arguably
supported the diagnosis of tuberculosis in our study. Patients were then
started on anti-tuberculous treatment, comprising pyrazinamide, isoniazid
and rifampicin. However, one patient (No. 176) who went on to develop

pneumonia, was additionally started on streptomycin, crystalline penicillin

and gentamycin. Her response to intervention was uneventful.

Availability of drugs are some of the most difﬁ;u]t experiences we had to
encounter. The dwindling supply of essential drugs was an issue of
concern. The patients on anti-tuberculous drugs were forced to use their
meagre resource to procure drugs and even when the drugs were available
at tﬁe pharmacy, they were often given inadequate doses. It was a
humiliating experience on the part of the patient as well as the person
carrying out the procedure. The only remedial measure was to ensure that
the patients got their supply of drugs during the period of study at all
cost. This is one of the single most important factors which influenced

patient compliance, particularly those taking anti-tuberculous treatment.

Hitherto, the caffeine breath test had not been tried in developing

countries. The above mentioned problems had not been anticipated either.
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However, improvement in collecting equipment will eliminate the problem of

leak ahd. improve the outcome of this very innocuous, but useful

procedure. Itis also important to give these children ample time k"w recover

before a repeat caffeine breath test is done.

CONCLUSION

1. We have demonstrated that it is possible to use the caffeine breath
test in young sick children as it is non-invasivg and its products are

easy to harness.

2. The caffeine breath test has been used successfully in young

children (ages 3 years and above) acting as their own control.

3 Unfortunately, the study was limited by the failure of the seals on
some bottles which invalidated some of the results and thus reduced

study numbers for ana]ysis.

4. The study shows that the function of drug metabolising enzymes in
the liver in malnutrition is depressed and improves with nutritional

rehabilitation.

5. ‘ The results in children with tuberculosis are more complex as the
enzymes may be depressed in some pati'ents due to malnutrition and
in others they may be induced by some anti-TB drugs, both

activities may present in the same patient.
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The degree of depression of drug metabolising liver enzyrhes due to
malnutrition could be assessed by repeating the test when the child

has completely recovered. ¢

<
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iii.

ii.

RECOMMENDATIONS

Further investigations of the caffeine breath test should be
undertaken in children with PEM, those on anti-TB treatment and
other conditions affecting liver drug metabolising enzymes in

developing countries using larger numbers.

Itis essential that the equipment, particularly the seals on collection

vials, are adequate.

Studies should be undertaken both when the child is sick and when

recovered. The latter will act as standard to assess the former

results.
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