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AN ABSTRACT OF THE THESIS OF

Yasser Yaghi for Master of Science in Biochemistry

Title: Development of a new digestion test.

1. Soluble starch was modified by partial methylation.
The methyl aroup occupied the position € of the glu-
cose molecule only.

2. The modified starch is digestahle. Tts hreak-down
yvields glucoze and 6-O-methyl glucose.

3. 6~0-methyl glucose was found to be almost totally
absorbed,passed through the liver unchanged and
excreted in the urine.

4. The recovery of 6-~O-methvyl glucose after an oral
administration of methylated starch was found to
be more than 85% of the dose given.

5. Methylated starch may serve as a digestion test,

It may be run simaltaneously with tests as D-Xylose
and Phenyl-acetic o0il in order to detect any mal-
digestion or mal-ahsorption suspected,

6. When the methylated starch is given simultaneously
with D-Xvleose,the 5 hr urine contains at least 1.5
times methv] gluccse as xvlose ( calculated as per-

centage of the dose.
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CHAPTER I

INTRODUCTION

Many tests were proposed for assessing the
digestive function of the pancreas. SuchAtests
would be useful in the diagnosis of chronic disea-
ses of the pancreas, and should be practical under

conditions of ordinary hospital and office practice.

Tests to asseés the digestion of carbohydrates,
fats and proteins were suggested; a gelatin tolerance
test was first proposed by West, Wilson and Eyles (1)
for the purpose of diagnosing cystic-fibrosis of the
pancreas in children. The test is based on the assump-
tion that trypsin plays an important part in the hydro-
lysis of proteins, and that the rate of digestion of a
‘protein meal can be estimated by the enusing elevation
of the amino acid nitrogen in the blood ( BAAN ). These
authors observed flat BAAN curves after ingestion of
casein or gelatin, respectively in 7 and 2 children with
cystic-fibrosis of the pancreas. When a casein hydroly-
sate or casein with pancreatin was administered to these
children, a higher ( up to normal ) level of BAAN was
produced. Anfanger and Heavenrich (2) utilized the gelatin
tolerance test in 5 patients with this disease and confir-

med the findings of West et al .They suggested that only




children with low BAAN can be reliably tested., In these
cases the malabsorption of amino acids has to be ruled

out as the cause of the low BAAN.

More recently, Woiski (3) reported similar obhser-
vations with the gelatin test in four children with cystic
fibrosis. The results of these investigators appear to be
valid, although none of the reported series is large

enough to permit statistical analysis.

Christensen and Shwachman (4) suggested the
determination of a single amino acid, glycine in plasma,
after ingesting gelatin, taking the advantage of the con-
venient method available for glycine (5), the high glycine
content of gelatin ( 25,5 % ) and the relatively slow dis-
position rateof this amino acid., Fifty patients were stu-
died and the comparison of the fasting plasma glycine with
the level 150 mts after gelatin feeding provided a simple
diagnostic procedure, although some misleading results

occured, mainly false negatives.

Another method was described ( 6,7 ) for measuring
the degree of protein digestion and absorption by adminis-
tering a test meal of protein labeled with radioactive
iodine, following which the amount of radioactivity passed
in the stools was determined. In normal control subjects
les than 6 % of the ingested isotope was excreted in the

feces, whereas in children with cystic-fibrosis of the




pancreas, 10-40 % ( average 22.5 % } of the administe-~
red isotope was found in the stools. Morever in 2 of

4 children with this disease who were given pancreatin
with the test meal, there was a 50 % fall in the amount
of excreted isotope. In one patient in whom even after
receiving pancreatin thare was still a 40 % excretion of
‘the isotope in the feces, only 8 & was found when the

test was repeated with hydrolyzed protein.

A similar method was used (8) as a diagnostic
measure of pancreatic function in adults. The patients
were given by mouth a test dose of protein labeled with
radiocactive iodine and the isotope was then measured in
the urine. In the control normal group 62-90 % of the
ingested isotope was found in the urine within 72 hours,
whereas the fecal excrmtion varied from 0.5 ~ 4.8 %. In
five patients with chronic pancreatic insufficiency, the
urinary excretion for 72 hours was low, 20 - 56 %, and
the fecal excretion high, 24 - 64 %. Pancreatin was admi~-
nistered to these patients and the urinary excretion of
isotope fell to 6.5 - 36.2 %. In 2 of the 5 cases the admi-

nistration of the pancreatin failed to produce any change.

A new test for exocrine pancreatic insufficiency

was suggested by Imondi gﬁ al (9). In this procedure , a




synthetic peptide composed of an aromatic amino acid

and a readily absorbable tracer group,para amino bhenz-

oic acid ( PABA ), was administered orally. In the pre-
sence of chymotrypsin, the peptide is split with the
liberation of PABA which is absorbed from the gut, under-
goes conjugation and is excreted in the urine . The amount
of PABA in the urine is used as a measure of exocrine pan-
creatic function. This test provad to be more reliable than
that described by Kaffarnick and Meyer-Bertenrath (19), in
which fluorescein diesters are administered orally. These
substrates are hydrophokic and require both bile and pan-

creatic lipase for splitting.

An extensive study has been reported (11) of metho-
ds for determining fecal trypsin by the digestion of x-ray
film, particularly with reference to the effect of various
techniques used, and to the use of a soybean trypsin inhi-
bitor, in order to identify the protease of tryp#iag origin
separately’from that produced by bacteria. ( About 28 % of
normal feces have a gelatinase produced by bacteria.) A
positive result at birth was obtained in only 76 % of meco-
nium specimens which increased to 92 % in the post meconium
specimens, as well as in other stools up to the age of five,

over 9000 tests were performed on over 900 specimens from

216 children.




Having in mind the studies reported by Grossman (12),
using dogs having pancreatic exclusion, and those reported
by Ventzke et al. {13}, suggesting the measurement of fecal
trypsin and chymotrypsin for detection of pancreatic insuf-
ficiency. Haverback et al.(14), and Amman et al.{15), confir-
med these results stressing on measuring the fecal chymotryp-
sin as a useful test in the diagnosis of pancreatic diseases.
In later studies, Amman et al.(16) suggested the use of fecal
chymotrypsin assays as screening methods for chronic pancrea-

titis and cancer of the head of the pancreas.

As for the study of the digestion of fatty acids, a
method was proposed for thevdetermination of fatty acids in
dried feces, a tedious process, and one which is somewhat
inaccurate if applied to pathological feces. Most of the
methods for the determination of fatty acids in the moist
feces are reliable, but require a longtime. A method has
been proposed by Van der Kaner (17) for the determination
of fatty acids in moist feces, which is speedy ( requiring
only 30 - 45 min.} convenient and accurate.

Another absorption-digestion test for lipids was
suggested by Stanley and Thannhauser {(18,19) 1311 trioclein
absorption test, but it showed many sources of errors in

practice ( 20,21,22,23,24 ).




More recently, our lab described a procedure
which may serve as a useful simple clinical test for
fat digestion- absorption.This test depends on feeding
phenyl 1 ~14C acetic acid incorporated into a trigly-

ceride, to subjects and measuring the excretion of the

rhenyl acetate in a § hour urine collection ( 25,26).

While convenient tests are available to assess the
digestion of fatty acids and proteins, there are no gimple
ways for measuring the digestion of carbohydrates. Several
authors suggest that starch might be better than gelatin
as a test material for this purpose, because of the weakK
amylolytic properties of ptyalin, the short duration of
ite action, and the presence of amylolytic enzymes in the
succus entericus. The digestion of starch depends on the
pancreatic amylase to a much greater degree than the
digestion of gelatin depends on trypsin. With these consi-
derations in mind a starch tolerance test wasvdeveloped
by Theodore et il( 27,28), which had been proved to be
unreliable, with many false positive and false negative

results.,




FIGURE I. THE FREE HYDROXYL GROUPS OF GLUCOSE.
While CNBr reacts with 3 and 4 groups

the methyl sulfate occupy position 6.




§ggggwg§”§§g_;nvestigation:

In the present study we describe a method to

modify starch in such a way as to

3

retain its digestability with the pancreatic amy-
lases .

produce upon digestion an absorbableYnon metaboli~
zable compound.

This compound has to be non-toxic, easily excreted

in the urine and easily detectable.

T dealy such a substance or its determination should
not interfere with other digestion or absorbtion tests
such as the D-Xylose test so ti would be possible to

run the two tests simaltanuosly.

Attempts were made to methylate the atarch partialy,

mainly on the CG of the glucose, so that the breakdown of

starch will yield 6-o- methyl Glucose which was found to be

absorbed, not metabolized, and nearly totaly excreted and

measured in urine.

Taking thése facts into consideration, the 6-o-methyl

glucose test may serve as a chemical test in the diagnosis

of the maldigesticns due to pancreatic insufficiency and

chronic pancreatic diseases.
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FIGURE 2. STARCH MOLECULE: The glucose residues

are shown united by 1:4 or 1:6 linkages.
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MATERIALS AND MPETHODS

A. Materials

1. Non Radiocactive Chemicals

" -

a: Carbohydrates:

The soluble starch was a product of Mallin-
ckrodt and had a maximum limit of ash impurities of
0.3%. While the Arrow Root starch ( St, Vincent)was
purchased from Amend Druqg and Chemical Company,incorp.

D~ Glucose,l{~)Ribose and Maltose were obtained
from BDH Chemicals Ltd and D(4)Xylose from Sigma Che-
mical Company.

The 6-0-methyl- & ,C;~ﬂ~ﬁluces& and Mono and

di-methyl Glucosides were a product of Supelco,Inc.

b: Reagents:

NN-Di-methyl-p-rhenyldiamine and v-Anisidine
were purchased €from BDH Chemical Ltd, phenol(crystals)
from J.T.Baker Chemical Co. and 0O-Toluidine from Sigma
Chemical Company.Para-dimethyl-amino~-henzaldehyde ,

( p-DMBA ) was a product of Fisher Scientific Company.

c: Others:
Methyl Sulphate was obtained from Fastman Xodak

Comnany and N,N-Di-methylformamide from Merck-Schuchardt.
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Cyancgen Bromide was purchased from 2 sources:
Eastman Kodak Company and Fluka 2G.
Methyl Cyanide ( Acetonitgile ) was obtained

from Hopkin and Williams Ltd.

2. Radioactive Materials

ni(t4c

) methyl Sulphate: activity 10-30
mCi/mmol, Di—(3H) mathyl Sulphate: activity 50-150
mci/mmol,(2—3H) Glycine; activity 20 mCi/mmol .
L= (4,5—3H) Leucine, activity 48 Ci/mmol1L-(4,5~3H)
Lysine monohydrochloride with activity of 40 Ci/mmol,
were obtained from Th@'Radiochemical Center, Amersham,
Buckinghamshire, FEngland.

Standard Tritiated H,0 of Radiocactivity

2.156 x 10 t 1% dpm, was purchased from Packard Tns-

trument Company, Inc., U.S.A.

B.Methods

a. Dialysis and Mekhvlation:

To remove small molecules, starch waz dissolved
in water and dialized 12 hours against water. The water
was changed every 2 hours. The starch was then preci-

pitated with five volumes of alcohol and dried in vacuo

——————— . st~




over Phosphorous Pentoxide. 20 mg. of the dialized
precipitated starch was suspended in 1 ml of ace-
tone with continuous stirrina. 40 ul di-methyl Sul~
phate and 80 ul of 30 % NanH({ in water ) were added
and vigorous stirring was maintained for 3 hours.
mhe reaction product wasz precipitated with five vol-
umes of alcohol and the precipitate dried in vacu0-

(s —————-

b. Acid Hydrolysis and Chromatography:

A fraction of the methylated starch was hydroli-
zed with 1 ¥ Sulphuric acid in a boiline water bath
for 3 hours, then neutralized with 0.38 N Barium hydro-~
xide. PFractions of the supernatant were run on a pre
coated Silica Gel, Thin layer chromatoqraphy rlate
{ Merck }, 60F-254, and XIF Silica el 80 A (Whatman,
Tne.). Samples of Glucose,Xylose,Maltose, Ribose ,
§-0-methyl Glucose and mono and di-methyl Glucose were
simultaneously run as standards. The solvents used (31)
were; ethyl acetate: Acetic acid: Methanol: Water ,
12:3:3:2 ( v/v ), and Propanol: Water, 8.5:1.8(v/v).

The spots were visunalized usinag the following

reagents;

- pPhenol- Sulphuric Acid. (34).
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~  p=-Anisidine. (32).

-  NN-Di-methyl-p-phenyldiamine. (33).

c. Feading Rats and Collecting Urine:

Wistar strain female albino rats were hought
through the animal house of AUR, and maintained on
the basic pellet diet. The labelled methvlated
starch was Fed through a N.G. tubes.24 houre urines
were collected in metabolic cages ( Maryland plas-
ties, Inc, U.S.A. )

Labelled methylated hydrolized -starch was fed
the same way, and the urines were collected again
over 24 hours,

d. Assayv for D-Xylose

D~Xvlose was measured in urine using the method

of Goodwin ( 30 ).

e. Surgical Techniques :

Rats were anesthesized by the I.P. injections
of /-2 mg of Nembutal per Kg of body wéight. The
abdomen was opened through a midline incision. Tha
common bhile duct was licated with é 2-0 3ilk suture.
Steatorrhea occured. 48 hours after lication, the
rats were killed and bile duct obstruction was con-

firmed by autopsy.




Sham operations were also performed as control

operations,

f. Experiments on humans

Ten healthy human volunteers were tested. Their
ages ranged between 21 and 65 years. Four of them
were medical students and one was a faculty member,
while the other five were patients from the A.U.H.,
all were free of any G.I. disease, and were on a
recgular diet until the evening priorto testing.

Five g of D-Xvlose in 250 ml of water were
given in addition to the labelled methylated starch.
T™wo hour fractions of urine were collected throughout

for 16 hours. The collection was continued for 24 hrs.

9. Measurement of Padiosctivity :

Twanty ml of Bray's (29) solution were added to
“all the samples to be counted, and left for one hour
in the dark to eliminate any photcfluorescence. The
samples were counted in a Packard Liquid Scintilla-
tion. Counts were corrected by the internal standards
method.An efficiency of 30 % for cl4 and 79 % for

H3 was usually obtained.
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h. §pectrophntometry H

Spectra were taken using Perkin-Elmer 202 recor-

ding Spectrophotemeter




CHAPTER IIX

RESULTS

1. Methylation and Chromatography

a. The movement of fractions of methylated hydrolized
starch on TLC plate run simultaneously with authentic sam-
ples of glucose, maltose, xylose, ribose, and monc-and di-
methyl glucoses are shown in table I as Rg values calcula-
ted relative to the mobility of standard glucose.

From the table it is clear that in the methylated starch
hydrolysate only glucose and 6-0-methyl glucose could be de-
tected. Sfhowing that the methylation of starch occured main-
ly on the 6 position.

b, Using our method 25 to 35 per cent of the radioacti-
vity in Me,80,; was incorporated into large molecular weight
pclymers.

¢. Fractions of methylated labeled hydrolized starch
were run on a TLC plate simultaneously with samples of glu-
cose, hydrolized starch, and 6-0- methyl glucose. The re-
sults of this method showed that 95.82 per cent of the tri-

tiated methyl was bound to the C6 of glucose.

2, Experiments on Rats

»

Tritiated methylated starch was fed to 7 female rats
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recovery of the tritiated material was 86.919 per cent

46.325 (5.0.) of the total counts administered.
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TABLE I

Chromatographic separation of sugars with the solvent

ethyl acetate: acetic acid: methanol: water, 12:3:3:2 (v/vf.

Sugar | Rq
Glucose 1.0
Methylated Hydrolized Starch 1.0, 1.4
Xylose 1.5
Maltose 0.6
Ribose - 1.3
2-0-methyl glucose 1.6
3-0-methyl glucose 1.5
4~-0-methyl glucose 1.5
§-0-methyl glucose 1.4
2,4-a1~methyl glucose 2.0
3,4-di- methyl glucose 2.0
4,6~-di-methyl glucose 1.8
2,3,4,6-tetra—methyl glucose 2.3

Rg: cm sugar moved on plate per Cm glucose moved on plate.
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TABLE II

Excretion of Radiocactivity in Urine of Rats fed methylated

tritiated starch.

Animal per cent excretion in Total
, Excretion
No. 1st 24 hrs. 2nd 24 hrs. 3rd 24 hrs. 3 days
1 40.10 4.79 4,24 49.13
2 54.10 2.51 0.68 57.29
3 43,90 4.16 0.68 48.74
4 40.90 4.17 0.92 45.99
5 50.59 0.26 3.20 54.05
6 52.98 4.71 3.20 60.89
7 51.41 5.51 1.10 58.02

fee rosults section 2 for details.
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TABLE III

Excretion of Radioactivity in Urine of Rats fed methylated

tritiated hydrolized starch.

Animal per cent excretion in Total
Excretion

No. lst 24 hrs. 2nd 24 hrs. 3rd 24 hrs. 3 days
1 52.00 4.80 0.15 56.95
2 51.00 5.90 1.10 58.00
3 48.01 0.35 0.10 43.46
mean 50.33 3.68 0.45 54.47
$42.08 +2.94 +0.56 +5.24

See results section 2 for details.
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TABLE IV

pxcretion of nadioactivity in Urine of Rats, with artificial

common hile duct obstruction, fed methylated tritiated starch.

per cent excretion
within 24 hours

rat with C.B.D. Obstruction 49.71
pat with C.B.D. oObstruction 52.33
rat had Shan Operation 52.40
Rat had Anesthesia 56.25
control Rat 54.54
Control Rat 51.90

See results section 2 for details.
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lucose and 3-0-methyl glucose were essentially the same.
he absorption of 6-0-methyl glucose was about one third
hat of glucose. In another study, Csaky (50) proved that
-0-methyl glucose failed to transport against a concentra-
ion gradient in intestinal loops.

When our labeled material was fed to the rats, 53.4
er cent 5.6 (S.D.) of it was recovered in the urine
Table 2). While 86.9 per cent + 6.2 (S.D.) of the mate-
-jal was recovered when fed to healthy humans. (Table 5).
‘he difference in results may be due to the inconvenient
nd unsatisfactory method used to collect rats urines, which
ermits loosing urine during collection. This was totally
:qntrolled when human urine was collected.

Hydrolized labeled methylated starch was fed in the
;nmé.manner to rats and the recovery was 54.4 per cent

.2 (5.D.) of the total amount administered. Wearly the

Ve &

tame as the methylated starch.

Experiments on the rats showing equal excretion of in-
.act and hydrolized methyl starch in three days , lead to
‘he conclusion that our methylated starch is essentialy
:ompletely hydrolized. The better recovery of the methyla-
.ed starch in urine in humans, shows that more than 85 per

sant of the test dose is excreted within 24 hours. Fig. 3.




A logarithmic plot of urinary excrotion vs time shows
a half life of the compound in the body of approximately
1.7 hours. Fig. 4.

As the digestion of the methylated starch appears to
be essentialy complete, the time study of the urinary and
hblood 6-0-methyl glucose following cral administration of
methylated starch, yields considerable information as to
the digestive ability of the gastrointestinal tract. Heal-
thy humans would excrete more than fifty per cent of the
labéled 6-0-methyl glucose within the first five hours.
While those having maldigestion proklems are expected to
have a lower initial excretion ra=e of the labelesd material.

Intastinal maldigestion may ke dup to any chronilce
Jlgesrm % the pencress that would affzet the excretion of
P amnylaga,

This assumption is justified since it has been known
rhat 6-0-methyl glucose is not metabolised, passes through
the liver unchanged, and can be recovered from the urine.
jnfortunately the testing of the usefullness of the methy-
lated starch as a specific diagnostic test will have to
wait the collection of data on a number of patients with
rarious diseases.

The D-Xylose test which has been for a leng time the

est of choice for passive absorption from the intestines,
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may be run simultanecusly with our test and the urine is col-
lected over the first 5 hours after the ingesticn of the two
test materials, xylose and 6-0-methyl glucose. Our experi-
ments show that xylose has initialy a much higher rate of
excretion than 6-0-methyl glucose. Since the later is to he
digested before it is absorbed. The results of both may
give a wide clinical and physiolegical view about the diges~
tion and absorption in the intestinal tract. 52, 53, 54).
mable 6 showe the mean and $.D. values for the ayxcretion
of n=-Xylose and 6-0-methyl glucose. From the table it is
clear that at 5 hours even if two S.D. from the wmean is
considered (so as to include 96 per cent of the population}),
6-0-methyl glucose should be at least 1.5 fold the D-Xylose
(as percentage of dose excreted). When the &-0-methyl glu-
~oze is less than that value, maldigestion should be sus-
pected.

When a -arge number of patients with malabsorption are
tewmbad, it may become possinle to find other indicies for
dlagnosing maldigestion.

Tt ig possible to run our test simultanecusly with the
fat abscorption test developed in our lab in additicn to the
D-Xylose test. This will involve a single mixed oral dose

and a single 5 hour urine collection.
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As a battery the absolute results of the three tests
as well as the ratios obtained could be extremely useful

in differential diagnosis.




TABLE VI

The mean and 8.D. values of three healthy volunteers, for

the excretion of D-Xylose and 6-0-methyl glucose.

per cent of dose excreted
in the indicated period

test
achieved 2 hrs. 4 hrs 5 hrs 10 hrs
D-Xylose 9.85 18.35 22.42 36.93
+0.35 +0.70 +1.68 +0.66

t Gemet byl
glucnee 11,37 37.20 48,10 72.50

$6.7% +5.589 +5.80 +3.32
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