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(57) Cette mnvention concerne une boisson destinee a €tre
consommee par un patient pour permettre de mesurer
une vidange gastrique de la phase liquide. Ladite boisson
est un jus de fruit dans lequel est mélangee et suspendue
une quanftit¢ de l'aleue spirulina platensis cultivée dans
une atmosphere de 13C02. Ces organismes unicellulaires

passent de l'estomac a I''mtérieur de I'intestin gréle ou 1ls
sont digeres, absorbeés et oxydés pour produire une
augmentation notable du niveau de 13CO2 dans I'haleine

du patient, laquelle est echantillonnee et les valeurs
mesurees representées graphiquement pour permettre de
déterminer des anomalies du taux de vidange gastrique.
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(57) A drink adapted to be consumed by a patient to
enable measurement of gastric emptying of the liquid
phase, 1s a fruit juice having mixed and suspended
theremn a quantity of Spirulina platensis alga grown 1n a
13CO2 atmosphere. These single cell organisms pass

from the stomach into the small intestine where they are
digested, absorbed and oxidized to produce a detectible
rise 1n the level of 13CO2 in the patient's breath which 1s

sampled and the measured valves plotted to enable
determination of gastric emptying rate abnormalities.
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(§7) Abstract

A drink adapted to be consumed by a patient to enable measurement of gastric emptying of the liquid phase, is a fruit juice having
mixed and suspended therein a quantity of Spirulina platensis alga grown in a 13CO; atmosphere. These single cell organisms pass from
the stomach into the small intestine where they are digested, absorbed and oxidized to produce a detectible rise in the level of 13CQO; in the
patient’s breath which is sampled and the measured valves plotted to enable determination of gastric emptying rate abnormalities.
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TITLE: MEASUREMENT OF LIQUID PHASE
GASTRIC EMPTYING

FIELD OF THE INVENTION

This invention relates generally to diagnosis of gastro-intestinal disorders in
humans, and particularly to measurement of the rate at which the liquid phase of food
being digested in the stomach is emptied into the small intestine and whether such rate
is abnormal.

BACKGROUND OF THE INVENTION

Digestion of all foods in humans begins in the stomach where both liquids and
solids are mixed with gastric juice that is secreted by the walls of the stomach. The
gastric juice is predominately hydrochloric acid, but also includes enzymes that break
down food constituents so that they can be absorbed in the blood and used by the
body. The contents of the stomach are emptied into the small intestine through the
pyloric sphincter which opens and closes to release pulses of the mixture of solids and
liquids. The rate of such emptying is regulated by this sphincter, and takes piace more
rapidly in the case of liquids than solids, however both are determined by the calorie

content of the meal. The higher the calorie content, the slower the discharge rate. In

addition, the solid phase of the food must undergo comminution, or reduction in particle
size, caused by contractions of the stomach until a particle size of about 1 mm In

diameter is reached.

A disorder can result in either accelerated or delayed emptying. Accelerated
emptying causes the food to be “dumped” into the small intestine prematurely. Delayed
emptying often is encountered in diabetic patents and may be associated with
abdominal pain and cramping. Although medications or drugs have been developed
to increase the rate of gastric emptying, their efficacy still is under investigation.

Diagnosis and measurement of gastric emptying has been possible only at
highly specialized nuclear medicine facilities. The testing requires use of one
radioactive tracer for the liquid phase and a second radioactive tracer for the solid
phase. The movement of the radioactive tracers is monitored by positioning the

recumbent patient between two large gamma ray responsive scintillation detectors or
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counters which measure the position and quantity of each
isotope from the patient's anterior and posterior. This
procedure requires 3-4 hours or more to perform.

The introduction of a radioactive tracer into the liquid
phase of food poses no particular problem if the tracer is
totally soluble, because the tracer then is miscible with the
gastric juice and is emptied from the stomach coincident with
the movement of the liquid phase. The solid phase marker is
made somewhat difficult because it must be attached to the
protein in a manner such that it is not leached out by the
gastric juice, but sticks to individual particles and is lost
from them only when they undergo enzymic digestion in the
small intestine. Methods of attachment have included adding
the tracer to a raw egg which then i1s scrambled and fed as a
sandwich, and "sizzling" the isotope with a chicken liver
puree and mixing the semi-solid food mass with a snack can of
beef stew which then is consumed by the patient.

Recently, other liquid and solid phase tracers have been
proposed. These tracers are '°C labeled molecules which, when
absorbed from the intestine, are rapidly oxidized to carbon
dioxide (CO,). The oxidation can be detected from an increase
in the concentration of '° CO, in the breath that is exhaled
by the patient. These substrates or tracers have the
advantages that they are nonradioactive and thus do not
expose the patient to radiation, and that breath samples can
be collected without the use of invasive procedures. For
example, sodium 1 - ° C - acetate has been used as a liquid-
phase marker, and the appearance of labeled CO, after
substrate administration in a liquid meal has been correlated
with the emptying of a radioactive liquid phase marker that
1s administered simultaneously.

However a potential problem exists with the use of such
a small molecule. An increase 1n the permeability of the
stomach wall, caused by disease or the use of certain drugs,
can enable the molecule to pass between the cells of the
lining of the stomach and thereby enter the blood stream
directly. When that occurs, labeled CO, appears in the breath
in an accelerated manner, and provides an appearance of
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earlier emptying than actually exists.
A unique so0lid phase emptying marker has been disclosed
and claimed in my Canadian patent application No. 2,239,018.
5 This marker 1s an edible photosynthetic alga that is
incorporated into a bread such as a biscuit that is consumed
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by the patient along with other food stuffs including a small portion of a fruit juice to
bring the total caloric value of the meal to about 340. The present invention relates to
a unique liquid phase marker that utilizes a cell suspension that is unable to penetrate
the gastric mucosa, but instead passes with the liquid phase into the small intestine to
enable gastric emptying to be reliably measured.

The general object of the present invention is to provide a new and improved
measurement technique for determining liquid phase gastric emptying in a more
reliable, safe and accurate manner.

Another object of the present invention is to provide a new and improved
technique for measuring liquid phase gastric emptying through use of intrinsically
marked single cell organisms suspended in a way such that they are unable to
penetrate the gastric mucosa, and thus pass into the small intestine with the liquid
phase to permit reliable measurement of gastric emptying of that phase.

SUMMARY OF THE INVENTION

These and other objects are attained in accordance with the concepts of the
present invention through the provision of a method and means for measuring gastric
emptying of the liquid phase which employs intrinsically labeled single cell organisms
as a marker for such liquid phase. The organism is Spirulina platensis, an edible
photosynthetic alga which has been grown in an atmosphere of 99% SCO, so that all
its carbons are *C. A 500 mg portion of this marker is added to a 120 ml. bottie of
white grape juice and mixed therein by shaking to form a product which then is
consumed by the patient. At the same time, a biscuit prepared as disclosed herein is
spread with cream cheese and is consumed by the patient to provide the solid portion
of the test/meal, such test meal having a total, predetermined caloric composition that
is the same or substantially the same as that used to test solid phrase gastric emptying
time in accordance with the above-referenced appilication for patent. Breath samples
are collected at 10 minute intervals over the next 120 minutes, and are analyzed for
gastric emptying time of the liquid phase of the food by comparing >*CO, content of
samples with base line data previously obtained from the patient after a period of

fasting.
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drawing in which:
The drawing Figure is a graph showing change in concentration of '3C in breath

the lower curve 20.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
e AT FPON U A FREFERRED EMBODIMENT

In accordance with the present iInvention, the unique ingredient that is used to
prepare a liquid phase emptying marker is an edible photosynthetic alga, Spirulina
platensis, which has been grown in an atmosphere of 99% '®CO,. On account of this
growing process, all carbons contained in such alga are °C. Each alga is a single-
celled organism that is only several microns in diameter. The quantity of alga required
to produce a detectable test signal has been found to be quite small. A certain quantity
of such alge is suspended in a liquid as explained further below, and is consumed by

100 g. wheat flour
30 g. rye flour

90 ml. cold coffee
10 g. molasses

3 g. dried yeast

4 g. salt

4 g. anise seeds
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The wheat and rye flours are sifted together and in a
one quart metal bowl the molasses 1s dissolved in the coffee.
The yeast, salt and anise seeds are added. The flour is
added in steps to the liquid, and the mixture is worked into
a dough ball. The dough ball is kneaded for about 5 minutes
and then divided into 4 equal pieces, which are rolled out,
balled and placed in a non-stick pan. The balls are
flattened into round rolls which are allowed to rise in a
warm location for about 45 minutes. The rolls are baked in
an oven preheated to 325°F for about 25 minutes, and then are
stored in individual pint-size freezer bags and cooled in a
freezer at -20°F until needed for use.

To perform a gastric emptying test of the liquid phase,
the patient fasts overnight. The next morning a baseline
sample of breath 1s collected using for example, a flexible
plastic bag having a mouthpiece and inlet valve assembly
adjacent one end of the bag and a sample transfer assembly
connected adjacent the other end of the bag. The sample is
transferred to an evacuated test tube in the kit, and then
analyzed to obtain a baseline °CO, level. To test the liquid
phase for gastric emptying time, a 500 mg portion of *C
labeled Spirulina platensis is added to 120 ml. bottle of
white grape juice. The patient then spreads the cream cheese
on the biscuit, made as disclosed herein, and consumes same.
Immediately the patient also drinks the juice with the '°C
labeled matter suspended therein. The total caloric value of
the test meal 1s about 340. Breath samples then are taken
using the above-mentioned system, and are collected at about
10-minute intervals over the succeeding 2 hours or so. The
samples are analyzed to obtain data points for a graph with
the curve 10 as shown 1in the drawing Figure, which has
changed in concentration of '°C in respiratory CO, as the
ordinate and elapsed time as the abscissa. To test the solid
phase for gastric emptying time, the method is performed as
disclosed and claimed in my co-pending application for
patent, referenced above. Breath samples again are taken to
obtain data points similar to those shown for the lower curve
20 in the drawing Figure.
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It now will be recognized that a new and improved non-
invasive and radiation-free wmethod and means has Dbeen
disclosed for measuring gastric emptying of the liquid phase
of food for diagnostic purposes. Certain changes and
modifications may be made in the disclosed embodiment without
departing from the inventive concepts involved. For example,
a 'C 1labeled molecule could be used, although *°C is
preferred. Thus, it is the aim of the appended claims to
cover all such changes and modifications falling within the
true spirit and scope of the present invention.
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CLAIMS:
1. A method of measuring gastric emptying time of a liquid
phase meal, comprising the steps of: preparing an edible

alga of single cell organisms labeled with a carbon 1isotope
by photosynthesis; suspending the alga in a liquid; having a
patient consume said liquid and alga so that the carbon
labeled nutrients therein are unable to penetrate the gastric
mucosa and are absorbed in the small intestine and oxidized
to labeled CO,; and detecting the level of labeled CO, in
breath samples taken from the patient at periodic intervals
after biscuit ingestion and deriving from the magnitude of
the labeled CO, as it appears over a predetermined time period
a measurement of gastric emptying.

2. The method of claim 1 wherein said alga 1s Spirulina
platensis which has been grown in an atmosphere of "CO, where
N 1s one of the numbers 13 or 14.

3. The method of claim 2 wherein said liquid 1s a fruit
juice having a caloric value of a predetermined amount.

4 . A drink to be consumed by a patient for a gastric
emptying test, comprising: a quantity of a fruit juice
having a predetermined caloric value, said juice having
suspended therein, by mixing, a quantity of single celled
photosynthetic organisms that have been grown 1n an
atmosphere that is substantially entirely 'CO,, said single
celled photosynthetic organisms being suspended in said juice
in a manner such that they are unable to penetrate the
gastric mucosa and thus pass into the small intestine so that
when oxidized after digestion and absorption 1n the small
intestine of a patient a detectible rise in the "CO, content
of the patient's breath is produced, N being one of the
numbers 13 or 14.

5. The drink of claim 4 where the single celled
photosynthetic organisms are Spirulina platensis alga.
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6. A method of measuring gastric emptying time of the
liquid phase of food consumed by a patient, comprising the
steps of: ©preparing a biscuit having a calorie content of
150; preparing a drink to be consumed with said biscuit where
a quantity 'C alga comprising single celled photosynthetic
organisms 1s mixed and suspended 1n a liquid so that the
single celled photosynthetic organisms are unable to
penetrate the gastric mucosa; having a patient consume said
biscuit, a package of cream cheese and said drink as a meal
having a caloric value of 340, so that said meal empties from
the stomach into the small intestine where the labeled "C is
digested, absorbed and oxidized to labeled "CO,; and detecting
the level of the labeled "CO, in breath samples taken from the
patient at periodic intervals after consumption of said
biscuit, package and drink, and deriving from the magnitude
of the labeled "CO, as it appears over a predetermined time
period a measurement of gastric emptying.

7 . The method of claim 6 wherein N 1s one of the numbers 13
or 14.

RIDOUT & MAYBEE
Toronto, Canada

Patent Agents
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