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“ : REVISED PROTOCOL

\ a SECTION 1 - RESEARCH PROTOCOL

TITLE: MAGNESIUM BREATH-HYDROGEN TEST FCR THE
ESTIMATION OF GASTRIC ACID PRODUCTION
IN ADULT.BANGLADESHI VOLUNTEERS.

PRINCIPAL INVESTIGATOR:  Dr. G. H. Rabbani

CO-INVESTIGATORS : pr. F. Van Loon, Dr. David Sack,
-Dr. C. Stephensen. '
STARTING DATE: | January 1985
COMPLETION DATE: December 1985
TOTAL INCREMENTAL COST: Us $ 12,337.00
SCIENTIFIC PROGRAM: This protocol has been approved by
S the HOST

FENST WORKING GROUP.

D
AB&IBAQI: '
A new simplified (tubeless) test to determine the gastric

acidity in man will be evaluated in 2o healthy adult volunteers

in Bangladesh. This technique has previously been tested in

American Volunteers. An oral dose of 150 mg of metallic magnesium

will be given in subject pre-stimulated with Histalog and the

concentration of hydrogen gas {liberated from the reaction between

magnesium and hydrochloric acid) in exhaled air will be determined.
The correlation between breath hydrogen gas and gastric acid

s {saimpled lly intubation) will be examined. Previous studies in

animals and buman volunteers have proven the safety and efficacy
of the test. When validated and standedized, the test will be
useful for basic studies of gastric acid function and for
determining the natural history of achlorhydria in populations

at risk for diarrheal diseases.

(a)} Research involving human subjects:

(b) Research Review Committee:

(c) BMRC: __

(d) Director:

(e} ' Controller/administrator:



SECTION YI - RESEARCH PLAN

Objective:

To validate a new simplified technique to measuré gastric

- acid production in healthy, adult Bangladeshi volunteers using

a magnesium breath hydrogen test.

Backgrcund:

Gastric acid acts as an important barrier to enteric

infections, low gastric acid production is therefore associated

with much higher risk for cholera and E. coli diarrhoea in
developing countries and may be one of the links in the
malnutrition diarrhcea cycle (Gitelson 1971, Giannela et al 1972),

Pasricha 1940). In preliminary data on humans from Dhaka, Sack

" and associates (1969) showed a high prevalence of_aéhlorhydria in

patients with cholera. However, Cash et al (1970) reported one

‘achlorhydric patient out of 16 tested with cholera in Dhaka.

Nalin et al (1978) reported that fasting and post prandial stomach
acid production were low in 16 of 37 Bangalee patient convalescing
frém'cholera} In spite of the importance of gastric acid, measure-
ment of acid production is infrequently performed, because of
technical reasons. “Tubeless" tests have been developed in the
past, however they have not been ideal. She “Diagnex blue” test
has!been abandoned because of its unreliability and the "Technitium
scanning” method needs radio-active material, is expensive and has
not been:validated (samloff et al 1975). We propose to evaluate

a new test for measuring gastric acid, an oral magnesium breath
test, which has been successfully and safely tested in animals

and human volunteers in US (Sack et al, 1982 to be published).

The basis for the test is the reaction of maghesium with

gastric hydrochloric acid to liberate hydrozen gas which is

. rapidly absorbed intc the circulation and is excreted in the

breath. When no acid is present, only very small zmounts of

2

H., are liberated very slowly and thére is oniy a



emall increase in breath hydrogen, This small increase is due to
the slow reaction of magnesium with water at neutral or alkaline
pH's. The amounts of hydrogen evolved ip vitro at pH 1 and p8B 7
are shown in Figure One.

Breath-hydrogen tests were originally developed to detect
sugar malabsorption which depends on fermentation of unabsorbed
sugar by the colonic bacteria to produce increased concentration
of hydrogen gas in the expired air. In contrast the magnesium
test depends only on gastric acid, and does not require bacterial

fermentation.

Safety of Magnesium:

Magnesium is an essential dietary constituent, the daily
recommended allowance being 350 mg for adults. We feel that use
of magnesium metal in man will be safe basedon a review of the
jiterature regarding the biochemistry of magnesium and the animal
and human tests that have been carried out. We have selected
magnesium instead of other metals (i.e. zinc, iron) because it
has the higher electronegative potential and will generate Hy
most rapidly. The reaction between magnesium and HCL is
spontaneous and proceeds rapidly and is slightly exothermic.
Since the equilibrium constant for the reaction in 1077, all the
metallic magnesium would be converted to divalent form (Mg ++).
Unreacted metallic magnesium which dié@ not come in contact with
BC1l would pass through the alkaling intestine. Being insoluble

in fat and water it will not be absorbed (Mordes et al 1978)., 1f



all metallic magnesium is converted into Mg ++, some of it may be
absorbed, but still we expect no harm because magnesium salts
(e.g. epsom salt) are commonly used in laxative and antacid
formulations without any adverse reaction.

After ingestion of magnesium metal, gastric mucosal damage
is unlikely‘because, the reaction. of magnesium metal with acid is
only mildly exothermic and heat produced by this reaction uould
_be ;nsufficient to cause gastric mucosal damage. Magnesium ions
,are.not toxic within the GI trace, H, gas is phySiologically

: inert'and s0 is not toxic, and intestinal magnesium'metal is
insoluble end inert and is thus not.toxic and wi.ftl pass out in
the feces. Althcugh there have been no published studies of
~ toxicity of oral magnesium metal, studles of subcutaneous
magne51um spllnters (Meek et al 1942) and of pulmonary magne51um
‘_(Gardner et al 1943) indicated no tOXlC effects in anlmals except
for a 11m1ted local necrosis on S. C. injection. Finally
magnesium is a common industrial metal and is not recognized to
gé associzted with eny occupational iliuess (Browning et al
| i9695. |

nima]l studies d safet ests i umahn yolunt :

Animal studies carried out in dogs have éstablished that 500
mg of magnesium metal given via a gastric.cannula consistently
result in an increased breath—hydrogen concentration. When given
'sicng with intragastric hydroéhloric_acid similar'results were
o cbtainedg' Controlled study of safety testing of intragastric

'magnesium-sas carried out in 16 rabbits for 3-4 days. Autopsy

R :’qﬁh



studies revealed no abnormalities of gastric or small intestinal
mucosa, kidney, liver or heart in the control or test animals.

Human studies were carried out in six healthy American adult
volunteérs (male and female) in one study and another 5 healthy
volunteers in another study at the Baltimore City Hospitals., A
total of 56 separate tests have.been done with human volunteers
in Baltimore. Before the human trial, ethical approval was
obtéined from the Joint Committee on Clinical Investigation, The
Johns Hopkins University School of Medicine and the Johns Hopkins
Hospital, Baltimore, USA and the US Food and Drug Administration
(FDA} .

Eagh subject was given six increasing doses of oral metallic
magnesium (10 mg, 50 mg, 100 mg, 150 mg and 200 mg) one dose a
week and their exhaled air was sampled to determine hydrogen gas
concentration by gas‘chromatograph. Betazole (histamine
analogue) and cimetidine were used to stimulate and suppress the
gastric acid production respectively. The results show that
there is a dose-response relationship between the dose of
magnesium ingested and the amount of hydrogen recovered in the
expired air,'when'the amount of acid in the stomach is in excess.
Subjects were screened for occult blood in the stool and no

occult blood was detected.

Symptoms:
Magnesium dosage was well tolerated by the subjects and none
reported GI symptoms except mild and transient heart burn in two

patients (which may have been due to fasting and/or Histalog).



Serum chemistry:

To assess the liver function; total bilirubin, qlkaline
phosphéte, and SGOT were determined before and after the test and
'no change was obgefved.' Serum creatinine was also unaffected
indicating nérdamage to the kidneys. Serum magnesium level was
also unalteréd in éhese.subject. Serum calcium levels were |
:nqr@ag;_ (The protocol for human volunteer study has been
approved by US Pood and Drug Administratiop {Investigatiqnal'New

Drug No. 20552).)

A. Bﬂ;gn_a_l_e' _

When vélidated and standardized the new test éhould offer a
convenlent tool with which to study the role of hypochlorhydrla )
1n populatlon groups and in specific groups at hlgh rlsk of
dlarrhoea.' Further definition of the natural history of
hypochlorhydr1a should suggest means of correct1ng this host
factor deflclency and thus lead to broad apectrum protection for

dlarrhpeal diseases.



METHODS AND PROCEDURES:

Subjects: 20 healthy adult, volunteers (aged 18-60 yrs)
of either sex will be recruited for this study. They

may be drawn from the ICDDR,B staff, patients attendents,

——— .

or anyone who provides an informed consent aftér satisfying

the inclusion creteria, Only subjects who give signed
. T T T T . . .

informed consent after explaining the procedu-e will be
admitted. Subjects with extreame malnutrition, chronic

illness, previously history of peptic ulcer or gastric

surgery will be excluded.

Test procedures: All subject will have both the magnesium

breath hydrogen test and the standard gastric analysis
performed in order to correlate the two tests, Half the
patients will have the breath test first and half will
have the standard done first. The two test procedures
will be separated by 48 hours (one day ofif between tests).
For both tests the subjects will fast overnight and the

tests will be performed the following morning.

Revised method of oral magnesium/breath hydrogen testi

1. The test will be done in the morning.

2. 100 mg of Betazole will be given orally, diluted in

50 ml of water.

3. After the betazole is taken, exhaled air will be

collected continuously for the next 2% hours.



4. Thirty minutes after the ingestion of betazole (but i 1
within the prescribed period of 2% hrs), 150 mg of
magnesium (-50 mesh), contained in a pretested gelatin

capsule will be ingested with 50 ml of water. }

5. After ingestion of magnesium, each 15 minutes collection . _ 1
of expired air will be continued for 90 minute or 120 o

minute collection period as desired.

‘Breath collection: Breath collection will be made by having
subjecté wearra'breathing mask (Speak Easy - 1I, Réépironics,
Inc.) which cdvers_fhe nose and mouth and has inspiratory

and expiratory valves built in. The inspiratory valve éllows
subject to breath room air. "Tubing will be attached toAthe‘
expiratdry valve which will cénnect tc' a Y-valve. Two gas
collection bags will be attached to the Y-valve so that when
one ig full of exhaled éir the air flow may be switched to

the empty'bag without any interrupﬁion in breathing. Fifteen o

minute collections of exhaled air will be made into collectisn
bags of 120 or 150 liters. (Most subjects breath at a rate

of seven to eight liters per minute).

Measuring hydrogen concentration: A Quintron MicrolyzerR

(Quintron Instruments, Minneapolis, MN) will be used to measure
the’concentratidn of hydrogeﬁ (microliters/liter) in samples

of air removed from the bags at the end of each 15 minute

PR BT
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water vapor. It will be assumed that all samples are 100%
saturated with water vapor (as is commonly done with sBamples of
_exhaled air). The vapor pressure of water in a 100% saturated
sample varies only with températqre and these values are
published (CRC Bandbook of Chemistry and Physics, Chemical Rubber
Co., Cleveland, Ohio). .Thus the volume of dry gas collected in
each 15 minute interval is found by correcting the Dry Gas Meter
‘réading for: (1) inaccuracies of the metering process; (2)
vapor pressure of water; and (3) adding back fﬁe volume of air
removed to measure hydrogen concentration.

The HicrolyzerR dries all gas saﬁples before they reach the
éénsor, s0 the hydrogen concentration read from the MicrolyzerR
is for a sample of dry air. Thus when we ﬁultiply the
-concentration of hydrogen {(microliters per liter) times the -
voiume of dry gas collected we get total microliters of hydrogen
in each 15 minuote collection at ambient pressure and temperature.
We éanert microliters to micromolq§ using the Ideal Gas Law (PV
-=‘nRT) so that the data is pressure and temperature iﬁdependent.

To determine the total amount of hydrogen exhaied and
belcheé in the 120 minutes {or any other desired time pefiod}
after the magnesium is ingested the amounts ffbm each 15 minunte
collection are simply added together.. This represents the amount
of hydrogen derived from the reacﬁion of the magnesium plus the
‘amount of hydrogen normally present in exhalea'air due to the
. metabolic activity of qut bacteria. In order to correct for ther

T prgséncé of the bacteria-derived hydrogén we collect exhaled air
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before the magnesium is ingested. When a person fasts overnight

his rate of excretion in exhaled air is quite stable. Thus if we
collect exhaled air before the magnesium is ingested, it is safe

to assume that the rate of excretion during these collections is

constant for the next few hours.

We make this correction by making three collections of
exhaled air before the magnesium is taken. The amount of
hydrogen in these collections is divided by the time of each
collection in minutes to determine the (pre-magnesium) rate of
hydrogen excretion in micromoles per minute. The mean and
standard deviation of these three measurements is calculated;
this value is called the "baseline hydrogen excretion rate®, or
just the "baseline". We assume that the breath hydrogen
excretion rate will not exceed the baseline unless magnesium is
ingested (or a meal is eaten).

After ingesting magnesium the hydrogen excretion rate of
subjects who have received betazole does not usually increase
above the baseline for twenty or thirty minutes. Thus when we
calculate the amount of hydrogen in exhaled air due to the
ingestion of magnesium we: (1) exclude all data from
collections in which the hydrogen excretion rate does not exceed
the baseline; (2) sum the micromoles of hydrogen in all the
remaining collections (N); (3) sum the 6urétion of all the
remaining collections (T, this is the time interval in minutes,
during which the hydrogen excretion rate exceeded the baseline);
{4) multiply the baseline times T; (5) subtract this value from

N. The result is called the "total excess hydrogen" for the 120

11



minutes (or whatever time period is selected) after the

magnesium was ingested:
Total Excess H, = N - {(baseline) (T).

This value has proven to be the most useful way to
express the results of the proposed breath hydrogen/oral

magnesium test for gastric acid.

Electrocardiogram for monitoring: This wili be done to

. exclude any possible effect of magnesium or the heart.

.

Screening fbr occult blood: HemoccultR cards (Smoth Kline
'ﬁiagnosticé, Sunnyvale, California) will be used by subjects
to provide stool samples from the boﬁel movement just before:
-and- the two just after each experimént.- The,cards-ﬁill-be
examined for the presence of occult blood accordiﬂgfto thg -

instructions provided by the manufacturer.

Symptans gquestionnaire: ©During each experiméat subjects

will be asked. if they were experiencing a@y discbmfort; such

as abdominal cramps, heartburn, gas painé) and the like. They
. were also asked to report if such symptoms, or diarrhoea,

occurred during the 48 hours following each experiment, -

Serum samples (Revised): A venous blood sampie will be .drawn

from each subject an hour or two before theiécse of magnesium

was given; Samples will be zlso érawn from ezch subject -

between 24 ané 72 hours after each dose of magzmesium, Serum,

will be frozen at -20% on tke sarme day that tre blood was drawn.

Serum calciuwm, magnesium, total bilirubin, creétininé, glutamic—
oxaloacetic transaminase (SGOT), and aikalinej;hosphétase'
levels will be determined by the Ciinical Cheﬁistry Léboratory;

12 - T,
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Small amount Qf Metallic Magnesium (unreacted in the stomach)
is insoluble in Fat and water in the intestine and 1s not
absorbed into the blood circulation. Therefore we do not
expect any systemic effect. of Mmagnesium on the liver and
kidney functions. However to rule out the possibility of any
unexpected effect on these organs, routine biochemical
screening will be done before and after magnesium administra-
tion. Since these tests were also done in the US Volunteers,

we will be able to compare if there is any realtionship.

Standard Intubation Gastric Analysis:

Intubation: Nasogastric intubation will be done in subjects

for cclilecting basal and stimulated gastric acid sample.
After one hour of basal collection {(every 15 minutes}, Histalog
will be injected to stimulate acid production and further

collection will be made for another 2% hours. The total

procedure will take about 3% hours.

Titration of acidity: Free acid and total acid in the gastric
juice will bhe determined by titration against 0.01N NaOH
solution to pH 3.5 (Free acid) and 7.0 (total acid) with a
glass electrode (pHE Meter). Acidity will be expressed as mole

of hydrochloric acid per hour,

Data Analysis:

Data will be recorded on prescribed forms and analysis will

be carried out using ICDDR,B Computer facilities.

13



(a) Regression and cor~elation analysis will be performed

to determine the interrelationship between the gastric

acid production as measured by the tandard test and

hydﬁogen gas liberation during the magnesium breath'H2

test.

(b) VHvdrogen gas concentration in exhaled air will be

conpared before and after betazole stiﬁulation.

(<) ‘Serum .chemistry values will be compared before and

magnesium administration.

SIGNIFICANCE: ' See Rationale.

FACILITIES REQUIRED:

Office space: Present facilities will be utilized.

Lak. space: Exiéting facilities will be utilized.

Hospital source: None.

Anindl resolirces: lione

Logistic support: None

Major Eguipment: Quintron Microlyzer, Dry Test Meter

(8BS $ 4000.00).

We blan to Durchése a Quintron Microlyzer - a gas
chrcmatographrspécifically for measurinc concentrations
E, in éir, 'This machine uses room air as a carrier gas,
czpable 6f measuring i sampie every 2 minutes, and has a

'readoutSEithfppm. Eé.‘ In contrast the old gas chromatog

after

of
is
digital

raph

iz ICDDR,B uses Argcn as a carrier cas (this must be imported)-

. can measure'ahbut 8 samples per day and the ppm must be

”, > . " 7‘ 7 14



calculated from graphic plot. This new Microlyzer should

therefore be useful for many follow-up studies.

The dry test meter will be used to measure total
volumes of expired air, ‘This is a very robust piece of
eguipment and will be suited for field as well as hospital

studies.

Others: None

Transport: None

COLLABORATING ARRANGEMENTS:

This study will be done in collaboration with Drs.
David Sack and C. Stephensen, Johns Hopkins Hospital,

Balitimore, Maryland, USA.

15



SYMPTOM QUESTIONNAIRE

Name of subject: Bospital No.:

Date: ' - Age: : Sex:

Time magnesium given:

"'pid you have during following peribd any symptom such as:

0-24 brs"’ 24-48 hrs
(a) Nausea
(b) Vomiting
{c) Abdomiﬁal pain
(d) Abdominal cramps
(e) Abnormal stool

siti symptoms se describe:

{a) Duraticn of symptoms:

(b)) Assessment of severityé

{c) Degree of incapacitation:

16
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SECTION III - BUDGET

{(Revised)

Per sons Position

Dr. G.H. Rabbani Principal Investigator

Dr. F., Van Loon
Dr. David Sack

Co~Investigator
Co-Investigator

Dr. C.B. Stephensen
{(Raltimeor e)

Supplies and equipments:

Quintron chromatograph and supplies

Betazole injection {histalog)
Magnesium (Alfa Products, USA)
Barometer

Dry Test Meter

Calibrating syringe

Hemoccult cards (USA) (Donated by JHU)
One hand calculator

Table clock

Y-valves

Breathing masks (3)

Gas collection bags (20)

Tubking and couplings

Gas syringes, gelatin capsules, miscellaneous supplies

% Annual
effort salary
40% 72,000
15% -
5% -
Sut Total

19

Project requirement

Dollar

12000

Taka

30,000

Us $ 1200

Us $ 3500
250
10
200
1000
500
100
50
150
400
300
400
100
200

Uus $ 7,160.00

Tk.

30,000



i o

AR " "

- —y et g A
SECTION III - BUDGET
[Contlnued)
Biochemistry Budget: (For 50 subjects)
Total and Free Gastric Acid = 20 tests X @ § 1.30 = 360.00
Serum chemistry: |
Bilirubin = ¢O-tests X @ § 2.57 = 103.00
calcium = 40 tests X @ $ 2.74 = 110.00
Magnesium = 40 tests X'€ ¥ 2.74 = 110.00
Cpreatinine = 40 tests X @ $ 2.33 = 94,00
SGOT = 4) tests X @ $ 2.50 = 100.00
SGPT = 4) tests X @°§ 2.50 = 100.00
gub total: US § = 977.00

patients' hospitalization:  Nil
out patient care : Nome

Travel of persons:
(including loccal per diem)

Transportation of thing: None

Rent, Cawmunication and Utilities: None
Pginting'and Repurductions

Contractual servicgs: None

Computer time:

Round trip fare from Baltimor

e-Dhaka for Dr. Stephensen

= § 2,500‘041

UsS $§ = 100.00

Us $ = 400.00

20



10.

11.

BUDGET SUMMARY

Personnel services
Supplies and equipment
Patients' hospitalization
Qut patient care
Transpor t

Travel of persons
Transport of things

Rent (cammunications)
Printing /Reporduction
Contractual services

Computer time

Tk.

21

Taka Dollar
30,000 1,200
203,425 8,137
62,500 2,500
2,500 100
10,00¢C 400
308,425 Us s 12,337



ABSTRACT SUMMARY

validation of a magnesium-breath hydrogen test for measuring

gastric acid production in adult Bangladeshl volunteers

1.

This test will be conducted in 20 adult (male or female)
healthy, Bangladeshi volunteers to further validate the
results of previous animal and human volunteer studies.
Magnesium metal (150 mg) will be given orally and expired

. air will be collected to measure the concentration of
hydrogen gas. Patients will also have nascgastric intuba-

tion to collect stamach acid for a 2 hour period. Blood
sample (5 c.c.} will be collected to check liver and kidney
functions. ,

vie do not expect any risk from the use of magnesium metal

~.in- these subjects, based on the pharmacologic and toxico-

legic evidences and the results of animal and human volunteer
studies in US.

The US Food and Drug Administration (FDA) and the Joint

- . Committee on clinical investigation of the Johns Hopkins

'Unlver51ty School of Medicine have given approval for use

of magnesium in man.

The study involves no risk as to the psychological, social,
legal or other aspects of the subjects.

Data will be co=puterized and confi’lentiality will be
maintained. All data will be abbreviated and will be
published without reference to the subjects name and
identity.

Informed written consent will be obtained from the subjects
before enrollinc into the study. No personal interview
except relevant history of stomach disease will be taken

. The direct benefit to the subject is that they will know

about their acid secreting ability of the stomach, if
achlorhydria is present they should be alerted to avoid

possible exposuire to enteric infection.

Ko retrospéctive hospital records will be used.

L]
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Consent Form

Evaluation of an oral magnesium breath hydrogen test for quantitation
of gastric acidity in man

(Explanation of the project te the subject}

You are being requested to volunteer for a research study designed
to evaluate the clinical usefulness of a new test to measure the amount
of acid in you stomach. If successful this procedure should make testing
of gastric acidity much simpler than the current test. We are looking
for healthv/subjects of either sex between 18 and éo vears of age who
have no prior history of stomach ulcers or stomach surgery.

If you accept the study, you will be in the hospital for 3 hours
in two occussions. One breath hydrogen test will be performed in the
morning. We will draw a blood sample (5 c.c.}, will collect samples of
your breath, will give you by injection small amount of EHistalog (this
medicine stimulates your stomach to produce acid) and will give you a
small amount of magnesium to drirk. We will also aks you some gquestions
about any symptoms you might experience far the test procedures.

You will have to swallow a small rubber tube in the morning far
collection of your stamach juice for 2 hours., During the test vou will
not eat anything and ceollection will be made every 1% minutes. This is
standard test for gastric acidity and will not harm you in any way.

We do not expect any harmful effects from the test. The Histalog
may cause transient flushing, headache and salivation. We do not expect
side-effects from magnesium since one recommended daily reguirement for
magnésinm for adult is 350 mg which is less than our dose in the study
(150 mg) .

If you enter the study you wiil know 1f you have low acid producing
capacity of the stamach which will be helpful toc avoid further infection.
However, we hope that the development of this simple test for gastric acié
will help othexr people who have abnormalities of stanach acid. You are
free to withdraw from the research at any time., If you do not join the
study or if you decide to withdraw, the same quality of medical care will
still be available to vou at the ICDDR,E.

Please indicate by your signature below that the research procedures
described above have been explained to you and that any questions that you
have asked have been answered to your satisfaction.

If you agree to join the study, please sifnify your consent by signing
below.

Signature of Investigator Subjects signature

Date: Bospital No.:
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