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fats were developed, as disclosed by Caspary, Clin.

Gastroenterol 7:351-374 (1978). In this type of test,
carbon 14 labeled triolein is administered orally to
patients and the amount of carbon 14 (”COZ)

radioactivity in the breath is measured. The amount of

of diagnosing fat
The rate of appearance of the labeled
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pathologies associated with the malabsorption of the
substrate. In other words, the rate of appearance will
indicate GI tract dysfunction. Also, the rate can be
used to detect problems associated with the metabolism
of the substrate, for example, liver or pancreas
disorders. Additionally, the complete absence of
labeled CO, in the breath 1s indicative of metabolic
problems. Concerns over the long term effects of the
ingestion of radioactive substances have precluded this

test from being used with children and with women of
Childbearing age. |

Watking, et al., Gastroenterologx 82:911-7 (1982),

disclosed the diagnosis and differentiation of fat
malabsorption using '""C-labeled lipids in breath tests.
In general, a !3c breath test involves the ingestion by

metabolized. Useful labeled lipids included
trioctanoin, triolein and palmitic acid.

been found to be a preferred substrate.

Triolein is a chemically-synthesized oil comprised
of three oleic acid moieties esterified to glycerol,
forming a typical vegetable oil-like triglyceride.
the past, the oleic acid moieties have been labe]ed

with either '“C or "c at only the C1 position, in part
due to the widespread belief that not all carbons along

Triolein has

In
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were thought not to be egquivalent to Cl in the fatty
acid oxidation pathway only Cl was labeled.

Commercially available '’C-labeled triolein is a
chemically synthesized product, which heretofore has
been quite costly to produce. Typically, the selling
price is between $700-$1,000 per gram. Inasmuch as a

dose of 3-4 grams of lipid or about 50 mg/kg body

weight is required to perform a proper diagnostic
breath test in adult males,

one to conduct.
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the test is a very costly

test safe for any population of subjects. ﬁowever,
because of the prohibitive costs associated with

chemically synthesizing labeled triolein, the test has
not yet enjoyed widespread success.

Accordingly, it would be desirable to have a
method of producing labeled compounds for use in
diagnostic breath tests which significantly reduces the
cost of such compounds.

It is a further object of this invention to
provide a method for obtaining fatty acids and
triglycerides with high levels of "’C-enrichment for use
in diagnostic tests. Such compounds would increase the
sensitivity of the test and further reduce the cost.

SUMMARY OF THE INVENTION

containing labeled compounds for use in diagnostic
breath tests. Microorganisms known to produce the
desired compounds in an oil are cultivated in the
presence of a labeled carbon substrate. The
microorganisms are induced to produce the desired
compounds, incorporating the labeled carbon therein,
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Additionally, the invention relates

to compounds of high label enrichment which are useful
in diagnostic breath tests.

DETAILED DESCRIPTION OF THE BEST MODE
OF PRACTICING THE PRESENT INVENTION
s 2y L IRESENT INVENTION

controlled conditions.

the microorganism is carefully selected to provide

labeled carbon as the substrate. The microorganism

selected is one which can be induced to synthesize
significant quantities of the oil containing the
desired compound. After Ooil synthesis is essentially
completed, the microorganisms are harvested and the
labeled compounds can be recovered.

Diagnostic breath tests can be used to monitor the

rate of appearance, or the non-appearance, of gases,

such as labeled CO;, in the breath exhalate which

normally are produced as a result of metabolism. Fatty
acid metabolism, which results in the rapid appearance
of Céz as each carbon in the acid chain is metabolized
is pérticularly adapted to monitoring by such tests.
The triolein test is well known and this disclosure
will, for convenience, refer to triolein and its

substituent oleic acid components throughout. However,
it is to be appreciated that other fatty acids can be,

invention and used to produce compounds useful in

diagnostic breath tests. For example, labeled palmitic

and linoleic acids also can be produced by the present



WO 91/18105

10

15

20

25

30

35

PCT/US91/03335

. soe w1
SR IR YRS I j
W

invention. Examples of such heterotrophic organisms

include oleaginous yeasts, such as Candida, Lipomyces,
and Rhodosporidium, and fungi, such as Mortierella or

Mucor. These organisms require a fixed carbon source.
The oleaginous Yeast Apotrichium curvataum, two strains
Of which are available from the American Type Culture
Collection in Rockville, Maryland, having Accession
Nos. 20508 and 20509, is a preferred.heterotrobh.
Preferably, autotrophic microorganisms, such as

species of Ankistrodesmus, Chlorella, Platymonus,
Qurococcus, Neochloris, Monallantheus, Nannochloris,

and Nitzschia are used. Photosynthetic algae are

preferred, and of these the genus Neochloris is
especially preferred. Such organisms, being

phoftosynthetic, can utilize carbon dioxide (CO;) as the
carbon source.

Strains or mutants which produce enhanced levels
of 0il or enhanced levels Of oleic acid in the oil as
compared to other strains of the same species are

preferred. Such strains could be obtained by treatment
with a mutagenic substance followed by selection,
techniques known to those of s8kill in the art.

An especially preferable microorganism for use in

the present invention is Neochloris oleocabundans.

Techniques for obtaining N. oleoabundans from the ocean
are known to those of skill in the art. Additionally,

N. oleocabundans is Commercially available from the
University of Texas Culture Collection No. 1185.

Throughout the remainder of this specification, unless
otherwise noted, the disclosure will relate to the use
of N. olecabundans. This focus is for illustrative
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purposes only and it is to be recognlized that other
microorganisms that. produce oleic acxd containing oils

can be used. |
Either “C- or Y’C-labeled oleic acid containlng

0ils can be produced by the method of this inventlon.

 Because of the previously descr;bed problems associated

with the ingestion of radiocactive compounds, however,
it is preferable to produce '’C-labeled oleic acid
containing oils. Accordingly, although it will be
appreciated that either type of* labeled compound can be
produced-by'the ptesent_invention, the focus of this
disclosure will be on 13C--_lab.ele_d'coxmpounds.

It is prjeferable to cultivate the microorganism in
a controlled ehvironment where the carbon source can be
strictly requlated. Suchaenvironments greatly“reduce
the chances of contamination by a non-labeled carbon
source. Suitable controlled environments include
photobioreactorseand-fermentora, generically'referred-
to as "bioreactors." Photobioreactors are pmeferred.
Especially preferred are photobioreactors such as those

‘disclosed in U.S. Patent No. 5,162,051. Other types of

photobioreactors can also be used 1if desired.
Autotrophs, such as N. oleoabundans, preferably are

cultivated in photobloreactors Heterotrophs
preferably are cultivated in fermentors

The bioreactor is provided with a nutr_ient
solution capable of supplying essential nutrients to

the selected organism. For N. oleocabundans, such a
nutrient solution has been described in J. Phxcol

21:72-81 (1985). It is understood that modifications to the
nutrient solutions are within the purview of those of skill in
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the art and that the solution can be tailored to the

The nutrient Solution, hereafter referred to as
the "medium," is placed in the bioreactor.
the reactor is filled to 80-90% of capacity. Where
labeled CO, is used as a carbon source (i.e. the
photobioreactor) the PH is initially adjusted using
potassium hydroxide (KOH) to an alkaline
in the range of about 9 to 11.

Generally,

PH, typically
The reactor is purged
with N, and then labeled CO, is bubbled into the medium

until the pH reaches about 7.8§. The pH is monitored by
a built-in pH electrode. At a pH of about 7.8 Pc-
bicarbonate is present in the medium.

When heterotrophs are used, the labeled carbon

substrate is preferably sterilized Separately from the

reactor containing the growth medium. Then, it is
added to the Sterilized growth medium.

the selected microorganism is added.

An inoculum of
The inoculum has

photobioreactor. Desirably, the photobioreactor medium
contains less than about 5§ ™™ nitrate.

Generally, about 1 liter of 0.5-5 grams of
inoculum per liter of medium are added per 44 liter

bioreactor. Preferably 1 liter of about 1 gram of
inoculum per liter 1s added.
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» this gas preferably

comprises N,. When heterotrophs are used, the gas can

comprise air.

If photosynthetic organisms are selected, they are
exposed to sufficient quantities of light, of the
quality required for photosynthesis, to enable
photosynthesis to occur.. If desired, constant
illumination can be provided. Alternatively, a
photdperiod of about 12-18 hours per day can be
provided. Preferably, about 50-350 HE/m?/sec of

continuous illumination are provided. As carbon is

consumed. When the pH reaches about 8.0,
additional '>co, is bubbled

the pH to about 7.8.

enough
through the medium to return

Photosynthesis generates oxygen (0,) which
preferably is removed periodically, desirably when the

PH reaches 8.0 (i.e., Just before CO, addition). The
system is opened by the use of 8olenoid valves and the

O, removed in an exhaust Stream. The exhaust stream is

passed through a 2M KOH solution to trap any "coz that
could have Co-exhausted.

While similar nutrient solutions can be

added to the fermentor, the carbon source must be fixed

and the reactor can be directly loaded with the carbon
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substrate. Preferably, ’C-glucose is the carbon

substrate, although other labeled fixed carbon sources
can be used. "C-glucose can be obtained from various
commercial sources, including Merck, Sharpe and Dohme,

Inc. The percentage of labeled carbons in the

Substrate can vary. For example, in glucose from about

6% to about 99% of the carbons can be labeled. The

varies with the organism to be cultivated and can be
determined by persons skilled in the art using routine
experimentation. Heterotrophs produce CO, during
respiration which can be recovered by passingﬂthe
exhaust gas through a 2M KOH solution. Since the CO,
produced from a 1"‘C---glucosa substrate will include
'’C0,, this recovery is desirable. For example, the
recovered labeled CO, can be used in photobioreactors.

Typical fermentation vields are from about 0.3 to about
0.5 grams of biomass pPer gram of glucose.

In general, after the organisms have been growing
for about 7 days, they deplete the nitrate in the

medium. When this OCcurs, lipid production is induced.
Cultivation is continued for about 7 days after the
induction of lipid production. The specific

Cultivation times will depend upon the type of organism
and can be determined without undue experimentation by
those of skill in the art. Oil droplets will be

visible under a light microscope at approximately the
time for harvesting.

When the biomass density reaches a selected level
of dried biomass per liter of medium the cells are

harvested. For autotrophs, this biomass density
Lypically is about 2-4 grams of dry biomass per liter.

For heterotrophs, it can be about 20-50 grams of dry
biomass per liter of medium,

Harvesting can occur by,
for example, Centrifugation.
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Prior to extraction of the labeled product, the
biomass can be dried. Any conventional method of
drying can be used, such as vacuum tray or spray
drying. However, freeze drying is preferred. The
dried cells are broken by methods known to those of
skill in the art, such as bead or roller milling, for a
sufficient time to break the cells, typically about
three days. Subsequent filtration will remove the
beads and any remaining coarse materials. The cells
need not be broken if Super critical fluid (SCF)

extraction processes are used. Such pProcesses are
known to those of skill in the art.

If desired, the cells can be broken while still
wet, using cavitation, shearing or ultrasonic
techniques. The resultant broken cell mass then is
dried using the Previously described techniques.

The dried and broken cells, {.e. the biomass, are
extracted with a suitable solvent. SCF extraction
using CO, is preferred, although extraction of the
broken biomass with s0lvents at atmospheric pressure is
acceptable. Of the latter, hexane ig a preferred

solvent. The amount of hexane can vary, but desirably
is from about 400-600 m1l per 100 g biomass. Extraction

with hexane for about 2 days is followed by filtration

as described above. Preferably, about 6 ml of hexane
per gram of biomass are used. Additional

centrifugation removes any remaining non-soluble

materials. Repeated washings of the pellets with the
solvent ensures the obtention of as much oil as

possible. Typically, 3 washings are sufficient. The
Supernatants are combined and the solve

nt removed using
suitable techniques,

such as a rotary evaporator. The
resultant product is a dark green crude oil.

Typically, the crude ojl contains significant amounts

of contaminants, such as diglycerides, pigments and
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sterol esters. To remove such contaminants, the crude
©il can be dissolved in a solvent and a sufficient
amount of bleaching earth (Amer. Oil. Chem. Soc.) added
Lo the solution. The mixture then is stirred for from
about 4 to about 18 hours at room temperature {(for
convenience), filtered, and the solvent evaporated.
This process can be repeated until a light yellow oil
1s obtained. The light yellow oil generally is

significantly composed of triglycerides, preferably
about 90%,

To purify the triglycerides from the oil, a

suitable technology is silica gel chromatograﬁhy. The
©il is dry packed onto a silica gel. Preferably the

ratio of oil to gel is 1:2. The silica gel can have a

suitable solvent such as hexane prior to loading the

©ill. Successive elutions result in separation of the
triglycerides from other materials. A preferred

elution sequence is pure hexane, a 93:7 ratio of
hexane:diethyl ether, an 88:12 ratio of hexane/diethyl
ether and pure diethyl ether. 1t is contemplated that
other solvents and/or ratios can be used.

Removal of the solvent results in & pure oil rich
in oleic acid. Typically a yield of 30-40% of such oil
based on the dry weight of the biomass can be achieved.

A typical fatty acid profile of the oleic acid-rich oll
ls:

Cl6:0 Cl6:1 Cl6:2 Cl8:0 Cl8: Cl8:2 Cl8:3
17% 5% 6% 1% 45% 22% 4%

The oil can itself be used in a diagnostic breath test
1f desired,
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This o0il is randomly labeled, i.e., carbons other than

C, will be labeled. However, equivalent dose responses
are obtained when Compared with commercially available
C, labeled triolein.

5 | Alternatively, if desired, labeled triolein can be
Synthesized easily from the oleic acid~-rich oil. The
biomass is saponified in situ. Preferably a reflux
using ethanol and KOH for from about 1-3 hours is used.
70 to 95% ethanol and 1-3N KOH are preferred. The

10 reflux mixture is filtered, diluted with water
(Preferably a one-to-one dilution) and extracted with a
solvent such as hexane to remove any non-saponifiable
contaminants such as pigments or sterols.

Aclidification of the dgqueous extract releases the fatty

15 acids which then are extracted with a solvent such as
hexane. The solvent then is removed by, for example,
rotary evaporation.

Low temperature crystallization followed by urea
adduction results in labeled O0leic acid being purified

20 Lo greater than 90% without difficulty. Preferably,
the oil remaining from the evaporation is dissolved in
acetone, typically about five volumes of acetone, and
subjected to a low temperature for a time sufficient
for crystallization to occur. Typically, overnight at

25 about -20°C is sufficient. The crystals are removed

and the liquor containing the fatty acids saved. After

pure urea crystals added. A preferred ratio is l g

30 fatty acid:3 g urea per 10 ml methanol. The mixture is
heated until the urea is solubilized and then permitted
to cool such that recrystallization occurs.
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The crystals are removed and washed with urea saturated
methanol. The addition of acidified water to the

crystals followed by a solvent removes the oleic acid
from the adducts. Preferably the water is at about pH
2.0 and the solvent is hexane. Removal of the hexane

removed using silica gel chromatography as previously
described.

One advantage of the present invention is..that a
perlabeled substrate can be produced. Having each

carbon in the fatty acid labeled is desirable when the
compound is used in a breath test as the lncreased
labeling increases the sensitivity of the test.

Moreover, the patient can ingest lesser amounts of the
labeled compounds and still be sufficiently tested.

The prior art single-labeled compounds provide a
label at the C, of each fatty acid chain. The present
labeled compounds can provide a labeled carbon at each,
Or any, position of the fatty acid chain. Thus, one
aspect of the present invention includes compounds
which are highly enriched with C that are useful in

diagnostic breath tests. "Highly enriched" is defined
herein as from about 6% to about 100% labeled.

Preferred compounds include perlabeled fatty acids. Aan
especially preferred compound is perlabeled oleic acid.
Even 1if the present compounds are not perlabeled, all
the carbons, including C,» typically are randomly
labeled. These compounds have been found to be equally
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acid content to from about 6% to about 100%. Such oils

are especially'preferred because of the higher label
recovery rates, as previously descriped.

labeled CO,. 1f the patient possesses normal fatty acid

metabolism, labeled CO, will promptly appear in the
breath.

Examples

Example 1. Production of 6% enriched triglvce ides
Neochloris oleocabundans (University of Texas
Culture Collection No. 1185) was grown in a shake flask

Or Roux culture bottle (200-700 ml) under constant
illumination 100 nE/m?/sec to about 0.5-2.0 g dry
weight/liter. The Culture medium wasg as disclosed in
J. Phycol. 21:22-81 (1985). wWhile growing, the culture
was bubbled with ajir enriched with 2% CO;. The
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temperature was maintajned at 26°C. After 3-4 days the
N. O

N leoabundans had reached a sufficient density to be
used as an inoculant in a 44 liter production tank.
The 44 liter production tank was prepared by adding a
nutrient solution having only 5 mM nitrate and no

sodium bicarbonate. The PH was adjusted to 10.5.

Bubbled through this media was 6% ’C-enriched CO, until

the pH reached 7.8. 600 ml of the Roux bottle culture
then was added as an inoculant. Continuous

ME/m’/sec. The culture was grown for 14 days and
harvested by centrifugation. The biomasgs vield was

about 150 g dry biomass or 3-4 g/l. The biomass was

freeze dried and Pulverized in a roller mill with 50 g
of ceramic beads for 3 days. 500-600 ml of hexane was
added and maceration continued in the roller mill for 2
additional days. fThe material was then filtered to
remove the beads and centrifuged to remove fine, non-
soluble material. To ensure all oil was obtained, the
pellets were washed 3 times with 200 ml of hexane and

the hexane supernatants pooled. The hexane was removed

by rotary evaporation. This resulted in a vyield of

about 60 g of a dark green oil. This oil was dissolved
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Cl6:0 Cl6:1 Cl6:2 Cl8:0 Cl8:1 Cl8:2 ClB8:3
19% 5% 7% 2% 45% 20% 2%

Example 2: Production of 65% enriched triglycerides

The oil was produced and purified as in example 1
except for the following changes. The nutrient medium
in the photobioreactor contained 3 mM nitrate and 25 mM
NaH'’CO,. As the PH increased l“'C’Oz was supplied from a
bottle containing 90% '’C enriched CO,. The biomass

Yield was 100 grams. The yield of crude oil was 43
grams and the final 65% enriched yield was 25 grams.
The oleic acid-enriched oil had the following fatty

Cl6:0 Cl6:1 Cl6:2 Ci8:0 C18:1 C18:2 Cl8:3
16% 3% 4% 4% S51% 17% 5%

Example 3: Production of 6% enriched triolein

Biomass cultivated and dried as in example 1 is
saponified in situ with 3N KOH in 95% ethanol (200
ml/50g biomass) by refluxing for 1-3 hours. This

mixture is filtered, diluted with one volume of water
and extracted with one volume of hexane. This
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hexane. Two washes of hexane are applied. The Bolvent
1s then evaporated. The fatty acids are dissolved in &
volumes of acetone and stored overnight at -20°C. This
permits crystallization to Occur. The crystals are
removed by filtration and the liquor saved as an
enriched oleic acid fraction. The solvent again is
evaporated. The enriched olejc acid fraction is

10 ml methanol. The mixture is heated, solubilizing
the urea, and allowed to cool for at least four hours.
As the mixture cools, urea-fatty acid adducts
crystallize. These Crystals are removed‘by filtration
and are washed with urea saturated methanol to remove
any adhering contaminants. 50 ml of acidified water
(PH 2.0) is applied to the crystals, freeing the fatty
acids which then are extracted with 500 ml of hexane.
The hexane is evaporated, producing a fatty acid

the 90% oleic acid with glycerol by known techniques.

The triolein is purified as were the triglycerides in
Example 1,

Example 4: Production of ¢ %3 e ed triolein

65% C-enriched triolein is prepared as in Example

8 prepared
as in Example 2 and two rounds of low temperature

crystallization and urea adduction are necesgary to
obtain 90% purity of the oleic acid.
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' CLAIMS
WE CLAIM:
1. A preocess for producing a randomly labeled

oil useful in diagnostic breath tests comprising:
a) cultivating microorganisms in a
controlled environment,

(b) providing to said organisms a éarbon
substrate enriched with l’C or '‘c labels, such that in
sald cultivation, said microorganisms synthesize an oil

having at least one !’c or ' label, said oil being
useful in diagnostic breath tests,

(c) 1nduc1ng the production of said oil, and
(d) recoverlng said oil.
2. The process of claim 1, wherein said oil
comprises trxglycerldes. ' .
3. The process of claim 2, wherein said
triglycerides are enriched in oleic acid.
4. The process of claim 1, whetein said
microorganisms comprise autotrophic microorganisms.
5. The process of claim 1, wherein said
autotrophs comprise species of the genera

Ank.tat odesmus _C_b_l_g_g_g_;_l_g_, Platymonus, Ourococcus,

y.g_c.zs_l.l_.l_g.x.:;_s;.. !:l..cmal__l..g_n_t_t.a_e_g_s_, Nannochloris or Nitzschia.
6. The process of claim §, where.m said autotroph

comprises Neochlor;s_ oleoabundana.

7. The process of claim 1, wherein séxd
substrate comprises a !’C- -labeled substrate.

8. The process of clalm 7, wherein said
substrate comprises ¢~ enrlched CO; lJC-bicarbonate, dr |
Be_glucose. ' -

9. Th—e'proces_s of claim 8, \whete'in said

substrate comprises '’C-enriched CO; or '’C-bicarbonate.

10. The process of claim 9, wherein said
enrichment is from about 1% to about 100%.
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11. The process of claim 9, wherein sgaid
enrichment is about 6%.

12. The process of claim 9, wherein said
enrichment is about 90%.

13. The process of claim 1, wherein said
microorganisms comprise heterotrophic organisms,

14. The process of claim 13, wherein said

» Wherein said
organisms comprise Candida curvata, Lipomyces starkevi
Rhodosporidium tortuloides, Mortierglla isabellina, or

Mucor javonicus.

16. The process of claim 15, wherein said
substrate comprises '’C-glucose.

L4

17. The process of claim 16, wherein said
microorganisms are cultivated in a fermentor.

18. The process of claim 9, wherein said
cultivation is in a photobioreactor.

19. The process of claim 1, wherein said inducing
step comprises causing said microorganisms
nitrogen deficiency.

20. The process of claim 1,
comprisgses:

to undergo a

wherein said recovery

(a) drying said microorganisms,
(b) breaking said microorganisms, and
5 (C) extracting said labeled oj} with a
solvent.

21. The process of claim 1, wherein said recovery
comprises super critical fluid extraction.

22. The process of claim 20, wherein said solvent
comprises hexane.

- 23. The process of claim 20,

further comprising
bleaching said oil.
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, - 24. The process of claim 23, further comprising
'chromatographing sard bleached o0il on a silica gel

column. , o .

~ 25. The process of claim 1, wherein said recovery

comprises: o B B

(&) sa‘ponifyihg said cells in situ,

(b) filtering said saponified cells,

(c) dilutrng said filtrate with water,

(d) extractrng said diluent*with a solvent,.

(e) acidifying said.extracted diluent, and

(f) extracting said acidified\dildentwith.a

‘solvent. N - I

- 26. The process of claim 25, further comprising
applying loe-temperature crystallization and urea
adduct formation techniques, followed by extracting

'with solvent.-
27. The process of claim 26, wherein said aolvent‘

comprises hexane.
28. A process for producing randomly 13C---labeled

triglyceride oils comprising:

(aj providing Neochloris oleocabundans in a
photobioreactor with '’C-enriched CO, as a carbon

'substrate, .
-~ {b) cultivating saidtﬁeogglg;;g,‘
- (c) finducing said~Neoch;ggigtotaynthesize
saidtriglyceride~0118,\ands -

(d) recovering said triglyceride oils.

‘29. The process of claim 28, wherein said
trrglycerides comprise fatty acids and said fatty acide
‘comprise oleic, palmitic and linoleic acids.

30. The process of claim 29, further comprieing
syntheslzing triolein from glycerol.and said oleic

~acids. _

31. Randomly labeled triolein having *°C-
enrichment of from about 6% to about 100%, produced by
 the method of claim 30. ' ' ‘
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32. RandOmly labeled oil having 13(:'-----en:r:i(:hment of
from about 6% to about 100%, produced by the method of

clalm 1 or 25. | ,
33. Randomly labeled trlglycerlde oils having “°C-

enrichment of from about 6% to about 100%, produced by the
method of claim 28. o d

34. Randomly labeled oils having 3¢ enrlchment of
from about 6% to about 100% said oils being useful in

dlagnostlc breath tests.
35. Perlabeled oils useful in diagnostic breath

tests.
36. The oils of claim 3'5*,'.wher,ein" said oils
- comprise triglycerides. |
37. The triglycerides of claim 36, wherein said
triglycerides comprise from about 40% to about 100%
oleic acxd - | '
38. A method of diagnosing fatty acid metabolism
- or absorption problems in a patient, compriaing |
administering to said patient a randomly labeled oil .
prepared by the process of claims 1, 25 or 28 and monitoring
said patlent' s breath for the appearance of labeled CO;. |
39. A method of diagnosing fatty acid metabolism
or absorption problems in a patierit, comprising
administering to said patient a randomly labeled oil of
claims 34, 35, 36 or 37 and monitoring said patient’s
breath for the appearance of labeled CO;. '
40. A randomly labeled oil having *°’C-enrichment
_of from about 6% to about 100%, said oil comprising

triglycerides, said triglycerides comprising from about
40% to about 60% oleic acid. -
~ 41. A method of diagnosmg fatty acid metabolism

or absorption problems in a patient ‘ oomprising
~ administering to said patient the labeled oil of claim
40 and monitoring said patient for the appearance of

labeled CO,.
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