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ABSTRACT

13 13
2alactose- C was given to 18 subjects; C02 excretion in respiratory air

13
was followed for 3 hours. Each subject was given galactose- C6 (10 g/m2),

then retested some days later

level (3.5 g/m2) of ethanol.

with the same amount of labeled sugar and a low

On the basis of the
13
CO, excretion curves in the

&

presence and absence of ethanol, ~he subjects were divided into four groups

(i.e., eubjects considered as normal, probably normal, probable liver damage,

and liver damage). Ethanul stro[lglyinhibited galactose metabolism in normal

subjects. This effect of ethanol progressively declined in the four groups

until, in thelast group (llver damage), ethanol had no further effect on the

already severely depressed oxidation of galactosa. Comparison of the galactose

tolerance data with other clinical tests and with the results of a drinking

history suggests that the ethanol-primed galactose tolerance test may give good

diw.rumination between groups of people with varying degrees of liver dar ~e

short of frank cirrhosis, although alcohol-priming is not necessary to

distinguish between normal and cirrhotic subjects.



INTRODUCTION

This work brings together the threads of several serie3 of previous inves-

tigations. One of these includes the studies by Tengstr~m in the 1960s (1) and

by Shreeve and his colleagues in 1976 (2) on the utility of the galactose tol-

erance test for evaluating liver function. Tengstr~m pointed out that, in his

opinion, the best available

phthalein (BSP) retention.

this procedure occasionally

te~t for assessing liver function was bromsulfo-

Tengstr~m went on to conclude, however, that since

gives rise to serious and even fatal complications,

other tests for

abnormal in all

abnormalities.

liver function should be sought. Also, BSP clearance is

types of liver disease and cannot distinguish between liver

The galactose tolerance test has the advantage of being

completely harmless except to those rare victims of hereditary galactosemia,

and it does aid in the differential dj.agnosisof liver diseases. Tengstr~rn

concluded, on the basis of his experiments, that the intravenous galactose

tolerance test gave valuable diagnostic and prognostic information in liver

cirrhosis and hepatitis; it was also useful in differentiating between obstruc-

tive and parenchymatous jaundice. He found, for example, that the rate of

galactose clearance was significantly reduced Ln 84% of patients with cirrhosis;

the amount of decrease correlated well with the degree of liver damage

determined by biopsy. More recently, Shreeve and his colleagues gave
13c-

labeled galactose orally and measured
13
C02 in the breath (2). They found that

this test gave better separation between controls and patients with alcoholic

cirrhosis than did serum alkaline phosphatase, total bilimbin, or glutamic-

oxalacetic traneaminase.

The other lineage that contributed to this work wee that beginning with

the obaewation of Wagner, nearly 65 years ago, that the excretion of galactose

in the urinewae enhanced by drinking brandy (3). Bauer and Wozaeek (4), some



20 years later, confirmed Wagner’s results and shwed that urinary galactose

excretion was not increasea by ethanol in subjects with liver disease. In 1962,

Tygstrup and Lundquist (5) studied the effect of ethanol on the intravenous

galactose tolerance test; six years later, the utility of this test for detecting

fatty liverwaa investigated by Salaspuro (6). Tygstrup and Lundquist concluded

that ethanol had a profound depressant effect on galactose metabolism in normal

subjects but much less, if any, effect in cirrhotic patients whose rate of

galactose metabolism was already depressed.

Salaepuro (6) decided that none of the liver function tests available to

him in 1967 was sufficiently sensitive for the early detection of fatty liver, a

condition often considered as a forerunner of cirrhosis. Only blind liver

biopsy gave reasonably good results, and this procedure is sometimes dangerous

and often unsatisfactory. In contrast to Tygstrup and Lundquist, Salaspuro

found that, in the absence of ethanol, the rate of galactose metabolism was the

same in controls and patients with demonstrated fatty livers. This difference

presumably was due to the selection, by Salaspuro, of patients with less severe

liver damage. Salaspuro concluded that fatty liver should always be suspected

whea the rate of elimination of galactose from the blood in the presence of

ethanol was 50% or more below normal (6).

Our own studies were a natural extensivn of the
13
C studies

&. (2) and had two principal goals. The first was to determine

simultaneous addition of ethanol in the oral galactose tolerance

of Shreeve et—

whether the

test increased

ite sensitivity sufficiently to detecc subjects with mild liver damage (that is,

with liver damage that could still be reversed by moderating their drinking

habits, for example). The second goal was simply to enhance our understanding

of the metabolic effects of ethanol in man, a task for which the use of stable

Isotopes seems particularly well suited.

\.



In comon with mst clinical applications of stable isotopes, we report

here on a relatively small number of subjects. Thus, this is really a prelim-

inary report, b~t we feel that our initial findings are s!.fficientlyencouraging

that they may be of interest to this group.

HETHODS

The methods we use are similar to those described by Shreeve et al. (2)..—

Subjects are fasted overnight, a blood sample is taken the following morning,

after which the subject exhales into a balloon and his expired breath is trans-

ferred to an evacuated mass spectrometer bul”o. Galactose is then administered

orally in orange juice, with or without a small quantity of ethanol. The

13C
administered galactose is 2.1 mnl % . The dose of galactose is 10 g/m2, or

about 18 g for the average male subject. The test is administered to each

subject once without ethanol and then, not less than 2 and not more than 10 days

later, it is readministered with a small amount of ethanol. We oxlginally used

a level of ethanol comparabl~ ‘o that used by other workers (that is, about

14 g/m2). We found, however, that reducing the ethanol level by e factor of 4

had no effect on the ethanol depression of galactose metabolism and that it

made the galactose, ethanol, and orange juice cocktail much more palatable on an

empty stomach. The total volume of the cocktail is 93 ml/m2; the solution is

consumed within two minutes. Subsequent breath samples are taken at half-hour

intervals up to three hours. The blood sample is used for a variety of clinical

chemical measurements.

Under the conditions of this test (that is, with a loading dose uf gal-

actose), the sugar is metabolized almost exclusively in the liver; this organ

ie also the site of the first two steps of alcohol metabolism. The effect of

ethanol on galactose

emyme UDP-galactose

metabolism is usually rationalized on the basis that the

epimerase, that converts galactose to glucose as the first



step of its further metabolism, is inhibited by the high intracellular NADH/NAD

ratio resulting from the two NAD-dependent steps that convert ethanol first to

acetaldehyde, then to acetate. That this is part of the story is clear, but it

is probably not the whole reason for the effect of ethanol on galactose met-

abolism.

RESULTS

Eighteen patients, including both men and women, were selected by my clin-

ical associates. I was not told which subjects were in which group. On the

basis of the kinetics of excretion of

18 subjects into four groups. Later,

13
C02 from galactose, I divided the

when I had access to the results of their

physical examinations, clinical laboratory data, and drinking histories, I was

able to compare the predictive value of the ethanol-primed galactose tolerance

test with other tests for liver function.

Figure 1

Normal should

basis of this

ethanol. The

shows the curves of 13C02 excretion for four normal subjects.

perhaps bc in quotation marks; I said they were normal on the

set of cumes. The upper curve is that obtained in the absence of

lower curve is that resulting from the simultaneous administration

of labeled galactose and a small quantity of ethanol. Several features of these

cunres should be emphasized. First, the unprimed (upper)

90 minutes; the ethanol-primed tune never peaks at all.

primed and unprimed curves are se+.paratedby three or four

cume peaks at

Up to 90 minutes, the

standard deviations.

It is also significant, for comparison with the other curves that I will show,

13
that the peak of the unprimed curve is close to a C content of 1715 mol %.

Figure 2 shows a second group of five subjects that I have ~hosen to call

probably normal. Here there is a modest shift in che directfun of abnormality,

but the two tunes are still reasonably well separated. The unprimed curve in

this set peaks at 120 minutes rdther than at 90 min’lte6,as in the preceding



group. The ethanol efi”ectis

cumes remain well separated,

saw region as for that group

The next figure (Fig. 3)

much less pronounced, but the primed and unprimed

and the height of the unprimed curve is in the

of subjects considered to be normal.

shows a group of subjects that I considered, on

the basis of their carbon dioxide excretion pattern, to have probable liver

damage. As!in the preceding case, the peak of
13
C02 excretion is delayed to

120 minutes and is nearly as high as the normal group, but the ethanol effect on

galactose oxidation is nearly abolished. In the studies of Shreeve et al. (2)——

and DaCosta et al. (7), fatty infiltration of the liver either lowered or——

delayed the peak of isotope excretion from galactosem although these effects

were not seen in the intravenous galactose tolerance test by Salaspuro (6).

Finally, Fig. 4 shows a group of subjects classified by me as having

definite liver damage. These curves are bizzare compared with those obtained

with putatively normal subjects. There is no peak in either the primed or un-

primed excretion curves. The levels of isotopic enrichment in the breath are

very low in both cases; the ethanol effect on galactose metabolism is not only

lost, but the unprimed curves in some of these subjects are actually above the

primed curves.

Figure 5 simply shows a comparison of the unprimed galactose tolerance

curves for the four subjecLs considered to have frank liver damage with the

other 14 subjects--all of whom, for the purpose of this figure, are considered

to be normal. Thus, this curve can be compared with that obtained by Shreeve

et al. (2) when——

essentially the

they compared normal and

same as theirs. Ethanol

cirrhotic patients. Our results

~.rimingclearly i~ not necessary

distinguish normal from cirrhotic patients.

Having classified the subjects into tentative groups on the basis of

C02 excretion tunes, we were naturally interested to see how this

are

to

their

‘1



classification compared with that baaed on a greater variety of standard liver

function tests. These data are tabulated in Table 1. Here the subjects are

arranged into groups on the basis of the breath test, as shown on the left.

This classification is compared with the results of measuring the serum enzymes

y-glutamyltranspeptidase, or GGTP, glutamic-pynvic and glutamlc-oxalacetic

transaminases, alkaline phosphatase, and also with the results of a drinking

history.

It is clear

a subject sample

This abnormality

that, uribeknownstto me, my clinical colleagues

with a very much higher than usual Incidence of

were selecting

elevated GGTP.

appears in less than 6% of the Los Alamos

it appears in nmre than half of our subjects. Of the nine

positive drinking history, seven showed an elevated GGTP.

population, whereas

persons with a

However, an elevated

GGTP was also found in three subjects with no other signs of live? abnormality.

The only other parameter that correlated well with the galactose tolerance test,

elevated GCTP, and drinking history was the glutamic-pyruvic transaminase.

Neither the glutamic-oxalacetic transsminase nor the alkaline phosphatase levels

were of value in our investigations, althou~h other laboratories have found them

useful. Likewise, the measurement

the other parameters we tested--in

(2).

of serum albumin showed no correlation with

contrast to the findings of Shreeve et al.——

One normal subject showed an elevated total serum bilirubin level, and one

subject in the liver-damaged group had an elevated total serum protein level.

ifoneof the rest of the

other measures of liver

times and serum protein

subjects in any cla.,shad abnormal values of these or

function, including urinary biliiubin. Prothrombin

flocculation tests were no? performed.

..



DISCUSSION

In general, the other data support the classification of subjects on the

basis of the gelactose tolerance test alone although, as always, there are data

that do not fit. One example is the individual with an elevated GGTP and a

positive drinking history whose galactose excretion curve is normal. Even more

striking is the individual whose carbon dioxide excretion curve caused him to

be classified as having liver damage but who is a teetotaler with no other

indications of any liver problems. We are attempting to determine whether he

has any other history of hepatitis or

might explain this finding.

It is clear that ethanol-priming

possible exposure to liver toxins that

is not required in the two extreme cases

(that is, either in normal subjects or in those with frank liver damage). The

utility of ethanol-priming is that it appears to enhance the sensitivity of the

galactose tolerance test in intermediate cases. Thus, subclinical liver damage

may be noted early enough so that, if liver damage is the result of alcohol

abuse, for example, a moderation in drinking habits may permit the damage to be

reversed. Since liver cirrhosis is the fourth leading cause of death in

Americans between the ages of 45 and 64, any aid in reducing the number of

people who progres~ to this level of liver damage is welcome.

In sumaary then, the assessment of liver function remains a problem to the

13
soluticm of which galactose- C tolerance tests make a valuable contribution.

This test gives better results than most.of the other common llver function

assays and is without the hazards of some. Moreover, the galactose tolerance

test is the only teet for liver function that directly measures the metabolic

response of the liver to alcohol ingestion; this direct measurement seems to

have diagnostic utility.

Ethanol-priming of the galactose tolerance test appears to enhance its



Sensitivity for detecting intermediate levels of liver damage, although further

work clearly is necessary to establish this point. Both increased numbers of

subjects need to be examined and the subjects already tested need to be re-

tested over a period of some years to determine whether or not, with the passage

of time, they imve from a group of mild liver damage to more extensive damage.

In a two-year follow-up study of their subjects, Shreeve et al. (2) found [hat,——

of five who subsequently developed hepatic failure, four excreted carbon

dioxide from galactose at a lower rate than controls. If our subsequent data

show such a pattern, it would strongly support the use of the ethanol-primed

galactose tolerance test, or some variant, as a useful test for liver function.

Automation of sample handling and possibly use of a less expensive substrate

could reduce the cost of this test to a level competitive with other, possibly

lees valuable, measures of liver integrity.
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TASLE 1. Comparison of the Classification of Subjects on the Basis of the

Oral Galactose Tolerance Test Alone, with Classification on the Basis of Other

Clinicai Tests and Drinking History

Croup (by GTT)= GC# SGPTC SCOT
d APe History

Normal

+

Probably Normal

Probable Liver Damage

+

+
+

+

+

+

+

+

+

+

+
+

+
+
+

Liver Da.sage

+ + +
+ + ‘b +
+ +
+ + +

13
a~T, the oral galactose- C tolerance test.

bGGTP, serum y-glucamyltrcnspeptidase.

‘SGPT, serum glutamic-pyruvic transaminase.

d
SGOT, serum glutamic-oxalacetic transaminaseo

u
M, oerum alkaline phosphatasc.



FIGURE LEGENDS

Fig. 1. Oral galactose tolerance test in the presence (primed) and absence

(unprimed) of ethanol in four normal subjects. Subjects were given galactose-U-

13
C6 enriched to 2.1 mol %

13
C at a dose of 10 g/m2 of body surface area. The

sugar was given in orange juice either with (primed) or without (unptimed) a

small amount of ethanol (3.5 g/m2). Each subject was given both tests from a

few days to a week apart. Breath samples were collected at zero time (when a

blood sample was also taken), then every 30 minutes for 3 hours. The breath

eamples were measured on

degree of
13
C enrichment

an

In

isotope ratio mass

the respired air.

spectrometer to de~ermine the

Fig. 2. Oral galactose tolerance test in the preserlcennd absence of ethanol

in five probably normal subjf:cts. The conditions were as described in Fig. 1.

Fig. 3. Oral galactose tolerance test in the

iu five subjects with probable liver damage.

in Fig. 1.

Fig. 4. Oral galactose tolerance teat in the

presence and absence of ethanol

The conditions were as described

presence and absence of ethanol

in four subjects with liver damage. The conditions were as described in Fig, 1.

Fig. 5. Oral galactosc tolerance test in 14 normal subjects and 5 subjects

with liver damage. The conditions were as described in Fig. 1.
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