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INThODUCFION

The object of this preliminary study was to develop a test for liver function
based on the conjugation of 1131 labeled iodobenzoic acid to form J131 iodohip

puric acid and other metabolites and to measure their urinary excretion.

Benzoic acid is detoxicated in man by forming hippuric acid and benzoyl
glucuronide and analogously I's' labeled ortho-iodobenzoic acid forms the similar
corresponding metabolites.

Itwas reportedby Zieveand Hanson (1) thatinman, benzoylglucuronide
appeared in the urine only after large doses of benzoate or when liver disease
was present. Snapper and co-workers (2) had shown that in liver disease, de

creased amounts of hippuric acid and increased amounts of benzoyl glucuronide
were formed. In a group of 15 patients with liver disease, the recovered hip
puric acid in 2 hours was equivalent to about % of the dose of 1.77 gms sodium
benzoate given intravenously, this being 15 per cent less than the amount re
covered in a similar period from normal adults (3).

Quick (4) based his test on the conjungation of sodium benzoate and re

ported that hepatic involvement resulted in a lower than normal excretion of
hippuric acid.

The degree of conjugation with glycine and/or glucuronic acid varies with
the particular isomer, i.e. ortho, meta or para (5) (6); ortho-halogen substi
tuted acids being least conjugated with glycine, meta more and para most

whereas the conjungation with glucuronic acid is in the reverse order, namely,
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the ortho-halogenated acid most, meta less and para least. Therefore, the ortho
iodobenzoic acid labeled with I131 was chosen for this preliminary study on
the basis that if it were the most difficult to conjugate, then it might prove to be
a more definitive test agent for liver function. Important in the excretion of the

iodohippuric acid is the participation of the renal tubule in the transportation of
these conjugates. In view of the small amount of sodium iodobenzoate used in our

investigations, a slight impairment of kidney function should not prevent the
total excretion of the metabolites (7).

MATERIALS AND METHODS

In the present study the I's' labeled ortho-iodobenzoic acid was used and
this was prepared by exchange from Na1131 and unlabeled ortho-iodobenzoic

acid (8 ) . The specific activities obtained were variable but high and somewhat

determined by the ratio of mM of acid used and the mc 1131. Typical prepara

tions had specific activities up to 132 jsc/mg. When freshly prepared and tested

by descending chromatography using Whatman No. 1 paper and a solvent con
sisting of normal butanol :acetic acid :water 4 :1 :1 ( 9 ) , showed an average Rf
value of 0.93 for the 1131 ortho-iodobenzoic acid, and an Rf of 0.16 to 0.18 for
radioiodide. By quantitation of the radioiodide areas it was found that these con
stiiiited about 2 per cent of the total radioactivity but this was reduced drasti

cally as described below.

For studies reported, a standard dose of 10 mg ortho-iodobenzoic acid as the

sodium salt containing 25 Mc 1131 labeled acid, hereinafter referred to as OIÂ°BA,

was adopted. It was found most expeditious to prepare 2 solutions, one of the
carrier, and the other, the OIÂ°BA. The carrier solution was prepared by disolv

ing 100 mgs. OIBA in sufficient N NaOH solution, adjusting to pH 7.2 to 7.4
with N HC1, adding sterile normal saline to 10 ml, filtering through a medium

porosity fritted glass filter into a pyrogen-free serum vial and sterilizing by heat

ing in boiling water for 1 hour.

A sufficient quantity of the labeled acid to yield a solution of high specific
activity, i.e. 150 to 200 @tc/ml was made similarly but sterilized by filtration

through a Millipore Filter Type HA, pore size 0.45/L and the Microfiber Glass
Prefilter Discs in a Swinny Adapter XX3O-012-00.1 The sterilized solution was
transferred to a sterile serum vial containing a â€œsilver impregnated porcelain

saddleâ€•2 used to remove radioiodide. This treatment was used to reduce and
maintainthe radioiodidecontentof the OIÂ°BA solutionsat a levelof 1/100
of the original solution. The solutions of the OIÂ°BA and the unlabeled OIBA
were tested for sterility. The dose solution was prepared by mixing the requisite
ouantities of OIÂ°BA and carrier OIBA solution in a sterile vial so as to provide
25 1zc in 10 mg in a volume of about 1 ml.

The dose of 10 mg represents less than 1/6000 of the LD-50 mouse dose as

determined by the authors (8).

1Millipore Filter Corp., Bedford, Mass.
â€˜Theseâ€œsaddlesâ€•were generously supplied by Volk Radiochemical Co., Skokie, Ill.
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TEST PROCEDURE

The following protocols were devised for the collection and fractionation of

the urine. The patient protocol was as follows : ( a) just prior to the injection of
the 01 Â°BA, the patient was given 2 glasses of water to insure adequate urine
flow; (b) 10 mg OIÂ°BA with a specific activity of 25 @cwas injected into the
antecubital vein; ( c) all the urine voided during the first hour, the 2nd hour,
the 3rd and 4th hours combined, and the 5th to 24th hours were collected as
separate fractions. One ml aliquots of each collection were counted and the total
excretion of activity during that period was calculated.

EXTRACTION PROCEDURE

Aliquots from each collection period were analyzed qualitatively and quan

titatively by extracting a volume of 10 to 50 ml containing about 1 million counts.
The urine was acidified with 3N HC1, 1 ml 10 per cent sodium tungstate solu
tion added and extracted in a liquid/liquid extractor with 150 ml of ether for six
hours ( 5 ) , ( 10 ) . The extracted urine was reserved for further isoamyl alcohol
extraction.

The ether extract was extracted in a separatory funnel with 10 ml 1 per
cent NaHCO, solution which removed the free and conjugated acids, and radio
iodide quantitatively. The ether was then discarded.

The NaHCO3 extract was acidified to pH 2 with N HC1 and extracted with

25 ml of toluene which quantitatively separated the free or unconjugated acid.

This was in turn extracted from the toluene with 3 ml 1 per cent Na HCO3

solution, an aliquot counted, the NaHCO3 extract evaporated to 0.5 to 1 ml, an
aliquotof5 to25 ,Jchromatographed,radioautographedand quantitatedby cut
ting out the spots and counting in a scintillation counter.

The previously acidified and toluene-extracted NaHCO3 solution contain
ing the conjugated acid, several other uncharacterized metabolites and free
radioiodide was then neutralized and evaporated to a small definite volume,
e.g. 2 to 3 ml. A small aliquot was counted and 5 to 25 @lchromatographed,

radioautographed and quantitated.

The previously extracted urine which contained up to as much as 50 per cent
of the originalactivitywas then extractedsuccessivelywith 4 or 5,20 ml por
tions or isoamyl alcohol which removed the residual activity consisting of the
radioiodide and some uncharacterized metabolites. The urine was then dis

carded.

The combined isoamyl alcohol extracts were then extracted with 5 ml of 1
per cent NaHCO3 solution, concentrated to 1 to 2 ml, 10 to 25 ,@l chromato
graphed, radioautographed and quantitated.

The quantities of unconjugated OI*BA and each of the specific metabolites
excreted during any time period was the sum of the quantities found in all of
the fractions and was calculated as a percentage of the injected dose. A simpli
fled summary of the extraction procedure is shown in Figure 1.

An attempt was made to measure the removal of OIÂ°BA from the blood

as a function of the conjugation and excretion of the test agent in a patient with
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no known liver pathology. A dose of 25@tc in 0.72 mg OIÂ°BA was injected ante

cubitally and external monitoring performed over the side of the head and

simultaneously monitoring the liver. At the same time radioisotope renography

was attempted using dual probes over the kidneys. Readings were taken for 1

hour with all 3 probes. The results are reported below.

RESULTS AND CONCLUSIONS

The processes of conjugation and excretion were too slow to permit measure

ment of the removal from the blood by external monitoring. The head count
decreased slightly for the first hour while the liver indicated a concomitant rise
showing only a slight removal.

The radioisotope renograms were abnormal in form and although they were
similar bilaterally, the right curve indicated higher activity ostensibly the result

of liver accumulation.

Samples of each of the collections of urine were counted for the excretion
of total radioactivity and fractionated according to the method described to

characterize the conjugates and metabolites formed.
The following abbreviations are used hereinafter: OIÂ°BA for ortho-P3'

iodobenzoic acid; OIÂ°HA for ortho-P31 iodohippuric acid and OIÂ°BG for ortho

1131 iodobenzoyl glucuronide.

In Table I are shown the results obtained by extraction of the urines of 8

controls, 11 patients with clinical diagnoses of liver cirrhosis and 2 patients with
diagnoses of hepatitis.

Qualitatively the same metabolites were found in all urines except that no
OIÂ°HA was detected in the urine of one of the cirrhotic patients. Another

EXTRACTION PROCEDURE

URINEâ€¢PRECIPITATED WITH H2W04. EXTRACTED WITH ETHER

ETHER EXTRACT â€”FREE + CONJUGATED ACIDS + 1

TOLUENE SOLUBLE FRACTION â€¢FREE ACIDS

ETHER RESIDUE â€”CONJUGATED ACIDS +

UNKNOWN METABOLITES

â€”ISOAMYL ALCOHOL EXTRACTâ€”UNKNOWN METABOLITES AND I@

RESIDUAL URINE â€”UNEXTRACTABLE ACTIVITY, MAINLY IODIDE

Fig. 1. The subjects in this preliminary study consisted of 8 patients with no liver pathology
hereinafter referred to as â€œcontrolsâ€•,11 patients with clinical and laboratory findings
compatible with Laennec's cirrhosis and 2 patients with acute toxic or infectious
hepatitis.
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metabolite with an Rf of 0.71 to 0.73 was found in the urines of control and
cirrhotic patients but not in the urine of hepatitic patients.

Although only two hepatitic patients were studied, the results are included
for comparative purposes.

Referring to Table I, it is seen that the 2 hepatitics excreted more total radio
activity in all time periods than the cirrhotics and controls and that the range
was definitely higher despite some overlap. This is partially due to somewhat
greater excretion of 1131iodobenzoyl glucuronide, partially due to OIÂ°HA, and to
a lesser degree to 2 unknown metabolites having Rf values of 0.57 to 0.59 and
0.33 to 0.40 which occurred in relatively small amounts.

Referring to the excretion of unchanged OIÂ°BA, it is seen that the cirrhotics
and hepatitics excrete the OI*BA at a slightly higher rate and in slightly greater
total amount than the controls do, in the first 4 hours. This might be expected
since the damaged liver would be unable to conjugate the OIÂ°BA. However, be
tween 5 and 24 hours the rate of excretion of the controls is 1.5 times that of
the cirrhotics and 3 times that of the hepatitics and the total excretion is about 3@
higher than the others. This is discussed later.

Referring to the excretion of OIÂ°HA, it is seen that the hepatitics excrete
this at 4 times the rate of the controls and 2 times that of the cirrhotics during
the first 4 hours and that the total quantities are 4 times that of the controls and
3 times that of the cirrhotics. In the 5 to 24 hour period, the rate of the hepatitics
drops to zero while that for the others continues at a low value and the total
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quantity in 24 hours is 2 times that of the controls and 1.5 times that of the
cirrhotics. In other words, the hepatitics produced all of their OIÂ°HA during
the first 4 hours. The average rates of excretion of OIÂ°HA are shown in
Figure 2.

Referring to the production of the metabolite 1131 iodobenzoyl glucuronide,
01* BG, the cirrhotics and hepatitics produced this at a rate 3 to 4 times that
of the controls during the first 4 hours and the total quantities are similar multi
ples whereas in the 5th to 24th hours, the rate for the controls is slightly greater

than that of the cirrhotics and about twice as high as the average for the
hepatitics. The total quantity, however, produced by the controls is about %
that of the cirrhotics and hepatitics. In the controls, cirrhotics and hepatitics, the
total quantities of OIÂ°BG formed in 24 hours was 5 to 6 times that of the OIÂ°HA,
suggesting that the major pathway for the detoxication was via the formation of
the glucuronide. The average rates of excretion of OIÂ°BG are shown in Figure 3.

In addition to these major metabolites, there were several others identified
only by chromatography and radioautography whose significance and composi

tion are unknown except that they contain 1131.

One group of metabolites had Rf values of 0.33 to 0.40 which were similar

to the Rf values of sulfur-containing amino acids in combination with OI*BA
which we prepared. These compounds occurred in quantities which were ca.@
to â€˜Aothat of OI*HA and even smaller fractions of the quantities of the OIÂ°BG.
The total excretion in 24 hours in the controls was % that of the cirrhotics and
â€˜@%that of the hepatitics.
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One metabolite, Rf 0.57-0.59 occurred in almost all urines, and was greatest
in the hepatitic urines. The quantities excreted were several times as great as
01@ HA and almost as large as the 01@ BG. Its composition and significance are
unknown.

Other compounds with Rf values of ca. 0.28, 0.46 occurred in small quanti
ties but were not found in any of the hepatitic urines. A metabolite with an Rf
of 0.71 to 0.73 occurred in larger quantities in the urines of the controls than in

cirrhotics at all times.
The composition and significance of these metabolites are unknown at

present.
Radioiodide was released or formed in only small percentages of the dose

as shown in Table I, and was found to be about 3 times greater in the cirrhotics
and 6 times greater in the hepatitics than in the controls, as if the 0IÂ°BA or its
metabolites were deiodinated to a greater degree in the pathological livers.

In one control, the effect of an added standard dose of 1.77 grams of sodium
henzoate, used in the Quick test (7), on the excretion of total urinary activity
was investigated. The first test dose consisted of 2.6 mgs 0IÂ°BA with an activity

of 26 uc and the second dose of 18.6 mgs OI*BA with an activity of 25 @cplus

the sodium benzoate. Whereas the percentages of the dose excreted as total
radioactivity in the 1st and 4th hours were similar in both tests, 76 per cent of
the dose as total radioactivity was eliminated in the 5th to 24th hours with
the dose of sodium benzoate compared to 54 per cent excretion of the 01* BA
alone representing a 40 per cent increase.

DISCUSSION

Using ortho-I'31 iodobenzoic acid and separating the metabolites by our
procedure, we have been able to isolate measurable quantities of ortho-I'31
iodohippuric acid from the urines. Quick (5) had previously reported that
â€œtherewas little or no conjugation of glycine with ortho-substituted benzoic
acids.â€• It is significant to note that the pathological livers produced more of
the glycine conjugate, OIÂ°HA, than the liver of the controls, which is contrary to
expectations. However the major metabolite was not 01* HA but the glu
curonide OIÂ°BG which was found in several times the quantities of OI*HA at
all time periods in the controls and patients with the highest OI*BG/OI*HA
ratios in the cirrhotics.

This is in general argreement with previous reports in the literature. Borg
strom (11) reported that liver disease caused an increase in benzoyl glucuronide
excretion after benzoic acid administration and that this synthesis was disturbed
later than the hippuric acid synthesis in disease. Snapper and Saltzman (2)

found no glucuronide in the urines of normals after 5 gm doses of benzoic acid
hut found considerable amounts in the urine of patients with impaired liver
function.

Despite the use of only 10 mgs of 0I*BA used in our study compared to
the 1.77 gms of benzoic acid used in the standard Quick test (7), significant
amounts of the unchanged OI*BA were isolated from the urines and more in
the 24 hour period in the urine of normals than in the cirrhotics and hepatitics.
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This is contrary to expectations, namely that the conjugative function of normal
liver should be greater and therefore less unchanged acid should be excreted.

Regarding the metabolites with Rf values of 0.33 to 0.40, presently pre
sumed to be combinations of OI*BA and the sulfur-containing amino acids
cysteine, methionine and glutathione, these have not been reported previously
and their significance in normals and liver disease is unknown. They may inch
cate the existence and actions of enzyme Systems of importance. The occurrence
of these compounds in very much larger quantities in the hepatitic and cirrhotic
urines may be significant.

In the case of the control who received the sodium benzoate in addition to
the OI*BA, one interpretation of the findings may be that the liver was forced

3 utilize its reserve function ( 7 ) and therefore conjugated and excreted more

of the injected OI*BA under these conditions. The standard Quick test (7)
which measures the conjugation of benzoic acid was done also on the first hour
urine and showed this patient to be on the low side of the normal range, cor
roborating the low normal value of excreted radioactivity.

The test using 01* BA may be adjunctive to other tests for liver pathology.
Since OI*BA is more difficult to conjugate than benzoic acid it may test the
liver function as well as the larger quantities of benzoic acid. Due to the small
quantity used, it is unlikely that the excretion of metabolites would be affected
by even a moderate impairment of kidney function, although this has not been
specifically demonstrated. The OI*BA test is not affected by ingested benzoic
acid in the diet and can be applied to patients on low sodium diets.

SUMMARY

The characterization and quantitation of the excretion of the metabolites of
ortho-I'3' iodobenzoic acid may possibly serve as a basis for the development
of a new diagnostic test for liver function.

Methods for the preparation and determination of purity of the test agent,
the performance of the test and the quantitation are described.

The conjugation and excretion were too slow to permit measurement of the
removal from the blood by external monitoring over the side of the head. Simi
larly it was not possible to perform the customary renographic study in situ
over the kidneys.

Results of the test in 8 controls, 11 patients with clinical diagnoses of liver
cirrhosis and 2 patients with diagnoses of hepatitis indicate qualitative and
quantitative differences in the excretion of total radioactivity, unchanged OI*BA,
OI*HA, 0I*BG and other metabolites.

Methods of analysis were devised which indicated several radioactive
metabolites not reported heretofore. These may indicate enzyme systems which
have some significance in pathological states.

Our studies indicate that cirrhotics and hepatitics produce more OIÂ°HA
and OI*BG than the controls do in all time periods tested.

These studies indicate that the major pathway for the detoxication of 01* BA
@sthe formation of iodobenzoyl glucuronide and not iodohippuric acid.
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