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Recently, high values of precipitable iodine of
the serum (SPI) in certain instances of hepatitis
and variable values in cirrhosis of the liver have
been reported from this laboratory (1, 2). Inas-
much as these sporadic high values in hepatitis
were at variance with our usual findings, and be-
cause high, low and normal values have been found
in cirrhosis, additional studies of patients with dis-
orders of the liver have been conducted.

MATERIALS AND METHODS

Patients with obstructive jaundice, cirrhosis of the
liver and infectious hepatitis were observed on the wards
of the New Haven Hospital. All were in a post-absorp-
tive state. None had had gall bladder dyes, diodrast,
lipiodol or other substances known to give high arti-
factual values of SPI. None had had any mercurial di-
uretics within the period during which these substances
may affect the determination of SPI (3). None had had
any unusual contact with inorganic iodine (4). SPI,
lipids, proteins, bilirubin, alkaline phosphatase and the
percentage of bromsulphalein retention were determined
by methods previously described (2, 5-7).

RESULTS

In obstructive jaundice six values of SPI ob-
tained in five individuals were all within the estab-
lished normal range (2) (Table I). In addition
to considerable jaundice these patients had grossly
disturbed liver function as measured by the high
ratio of free to total cholesterol and other tests. In
cirrhosis of the liver 31 values of SPI in 21 indi-
viduals varied from 1.0 to 8.8 gamma per cent
(Table I). Of these values, however, only two
are greater than occur in normal persons. A con-
centration of 8.0 gamma per cent, a value barely
exceeding the normal 7.8 gamma per cent, was
found in HD in whom a value of 6.6 gamma per
cent had been found 16 months previously at a time

1 Aided by grants from the U. S. Public Health Serv-
ice and the James Hudson Brown Memorial Fund of the
Yale University School of Medicine.

when her clinical condition appeared to indicate
a more decompensated cirrhosis than when the
later result was obtained. A value of 8.8 gamma
per cent was obtained in AS who had had symp-
toms of cirrhosis for only three months. A biopsy
of the liver showed the typical histology associated
with cirrhosis without evidence of other liver dis-
ease. Low values are more common. In fact,
SPI may be as low as concentrations usually as-
sociated with hypothyroidism although other evi-
dences of this disorder are absent. Despite the
occurrence of these abnormal values, SPI is often
normal in cirrhosis of varying severity.

In infectious hepatitis 18 values in nine patients
varied from 3.4 to 11.5 gamma per cent (Table I).
Serial observations of SPI during hepatitis show
that early in the disease SPI is elevated but that
as the disease continues, SPI falls to a normal value
(Figure 1). All of the abnormal concentrations
of SPI were obtained during the first four weeks
of the illness. Subsequently, SPI remained normal
despite the continued activity of the hepatitis as
measured by the continued abnormalities of liver
function, jaundice and often clinical condition of
the patient. In M. D., for example, about two
months before her death from hepatitis when 72
per cent of the serum cholesterol was not esteri-
fied and the other liver function tests were mark-
edly deranged, SPI was 5.3 gamma per cent.
However, at this time the disease had been present
for more than four months. The highest SPI was
obtained in RC who was examined 16 days after
symptoms of the disease first appeared.

DISCUSSION

In cirrhosis of the liver, reduction in SPI is cor-
related with evidences of the severity of the dis-
ease, but not with any single functional test. Be-
cause of the variability of SPI within the normal
range only abnormally low concentrations can be
considered. All of these values are associated with
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TABLE I

SPI, lipids, and liver function tests in disorders of the liver

Serum
. __________________ - ________ - Brom-

Patient Onset Date Cholesterol Protein sulphaleinSPI Alkaline retention
_______ - ~~~~~~~~Bilirubin phos- in 45"

Total Free Free/Total Albumin Globulin phatase

gamma % mg. % mg. % |% g dans %

Obstructive Jaundice
A. L. 2-19-49 5.0 128 95 0.74 2.74 3.38 18.1 12.9 44
R. K. 2-27-50 4.8 315 213 0.68 10.6 48.6

3-4-50 5.5 290 160 0.55
B. A. 7-5-50 6.3 246 152 0.62 2.43 3.16 6.5 36.6
J. M. 1-18-49 6.8 163 108 0.66 3.32 2.70 19.4 48.8
R. D. 3-7-51 6.2 463 265 0.60 3.20 5.20 9.6 44.9

Cirrhosis of the Liver
P. P. 1-19-48 1.0 70 56 0.62 0.92 5.09 15.4 8.4
J. Q. 11-3-47 2.3 267 113 0.41 1.95 4.37 1.9 18.9 15
P. P. A. 6-14-48 3.0 170 68 0.40 1.64 4.92 2.9 50
E. B. 12-15-49 3.0 169 124 0.73 1.17 4.11 13.6 2.5 28

12-20-49 3.3 156 117 0.75 1.29 4.90
M. G. 4-21-47 3.3 116 47 0.41 1.82 3.60 1.3 36
R. C. 6-25-47 3.7 154 49 0.32 1.68 3.72
M. M. 11-21-47 4.4 132 85 0.64 1.51 5.46 11.5 5.9 55

12-11-47 3.7 108 60 0.55 2.52 3.89
1-7-48 4.1 152 87 0.56 1.79 5.14

5-21-48 4.3 149 83 0.55 1.89 5.12
H. B. 5-5-47 4.0 1.67 3.38
B. D. 2-1-50 5.0 140 97 0.69 1.61 4.97 3.6 7.9

2-13-50 4.0 177 138 0.78 1.33 5.11 5.5 12.7
G. M. 4-17-47 4.2 163 81 0.50 1.33 5.84 3.5 43
M. L. 2-11-50 4.2 155 80 0.52 1.51 5.82 2.0 13.7 42
A. C. 4-5-48 4.8 196 63 0.32 0.7 17.0 22
F. B. 12-19-45 7.3 175 77 0.44

10-47 7.3 204 69 0.34
3-2-50 4.8 177 41 0.23

M. S. 12-13-49 4.9 2.67 3.98 0.3 7.4 20
T. F. 1-21-49 5.7 255 129 0.51 2.04 3.69 4.6 18.5 22

12-8-49 5.3 311 80 0.26 4.44 2.96 1.6 7.9 27
H. M. 3-29-50 5.6 212 70 0.33 1.39 3.98 3.3 18.4 39
A. M. 12-29-49 6.0 176 91 0.51 1.88 4.71 5.1 2.4 29

1-9-50 6.0 176 75 0.42 3.49 4.70 5.2 7.8 33
F. C. 4-26-50 6.3 114 34 0.30 2.52 3.55 2.2 5.3 12
H. D. 11-2-48 6.6 143 40 0.28 3.58 2.90 1.6 27

3-21-50 8.0 167 42 0.25 3.46 2.30 6
M. K. 2-11-50 7.3 199 51 0.26 3.88 3.20 3.2
A. S. 1-23-50 8.8 209 62 0.30 2.32 4.23 0.9 7.3 1 19

Infectious Hepatitis
J. M. 3-26-46 4-9-46 8.8 151 48 0.32 3.74 2.84
J. H. 3-17-49 5-7-49 3.4 56 40 0.72 1.78 5.22
G. S. 8-1-49 2-7-50 6.4 203 55 0.27 4.23 3.17 2.0 4.4
M. D. 1-3-49 5-6-49 6.9 209 172 0.82 2.10 3.50 8.6 51.8 22

5-11-49 5.3 154 116 0.75 2.10 3.50 18.9 38.4
A. M. 5-20-50 6-5-50 11.1 150 131 0.87 2.01 3.37 24.9 19.1

6-8-50 9.3 147 130 0.89
6-13-50 9.8 193 155 0.80 12.7 14.3
6-19-50 7.5 206 101 0.49
6-21-50 6.3 218 83 0.38 4.3 5.9
7-3-50 7.2 229 74 0.32 3.8 6.2

M. B. 3-7-50 3-23-50 10.0 139 65 0.46 3.77 3.61 8.8 10.8
3-29-50 6.6 167 44 0.26 4.3 11.5 42
5-25-50 6.2 193 54 0.28 0.7 5.4 5

R. C. 3-18-50 4-3-50 11.5 185 127 0.69 3.40 2.37 5.1 13.7
4-I6-50 9.4 214 89 0.42

4-13-50 7.1 235 36 0.15 2.1 8.8
D. G. | 12-8-50 12-21-50 | 8.8 | 263 | 213 | 0.81 1 3.52 3.20 1 9.9 19.8 1 61
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a high percentage of nonesterified cholesterol in
the serum, a sensitive indication of liver damage
(8). However, such lipid disturbances or altera-
tions in the concentration of cholesterol are not
always accompanied by reduction in SPI. Cor-
relation with the other liver function tests is even
less apparent. That the low values of SPI in cir-
rhosis might be related to the frequent occurrence
of a decreased amount of albumin in the serum
of patients with this disease has been suggested
(1) inasmuch as the organic or thyroxine-like
fraction of the total iodine of the serum is attached
to the serum proteins (9, 10). However, if SPI be
compared directly with the concentration of albu-
min no definite correlation is found. The lowest
values of SPI are found in patients with diminished
serum albumin, but SPI is often moderately, or
not at all, reduced in other patients with similar
reductions of albumin. Comparable abnormalities
of serum albumin and SPI are seen in nephrosis
without evidence of hypothyroidism and without
any exact correlation with each other (1, 2). The
cause of the low values of SPI in both conditions is
unknown. In cirrhosis of the liver reduction in the
serum albumin is associated with malnutrition
(11). However, SPI is not abnormal in patients
with marked malnutrition from various causes
(12). In nephrosis and cirrhosis abnormalities in
the proportions of the two components of the albu-
min fraction have been found by conducting the
electrophoresis at pH 4.0 (13). $uch possible
qualitative alterations in the serum albumin may
affect the usual attachment of thyroxine to the pro-
teins.
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In contrast to the low values of SPI found in
cirrhosis, high values are found early in the course
of hepatitis. Many of the values are within the
range usually associated with hyperthyroidism.
However, although other objective determinations
of thyroid function such as the measurement of the
basal metabolic rate or the lipids of the serum are
unreliable in acute hepatitis, none of these patients
had clinical evidences of hyperthyroidism nor was
the course suggestive of this disease. High val-
ues of SPI are found also in pregnancy (14), but
the cause of the rise in the two conditions seems
to be dissimilar inasmuch as the rise occurs in
hepatitis only early in the course and is not related
to the severity of the disease.
Only a small proportion of the iodine in urine

resembles thyroxine either in euthyroid persons or
hyperthyroid patients, whereas after the adminis-
tration of thyroxine appreciable amounts are found
in the feces (15, 16). Administered thyroxine
soon leaves the plasma and appears in the liver,
muscle and other tissues (17). In the liver not
only doesi a steady degradation of the thyroxine
occur, but also a proportion of the thyroxine is
found in the bile and finally in the intestinal tract.
When larger amounts of thyroxine are given, the
proportion of thyroxine-like iodine found in the
feces becomes high and, if the bile duct be ligated,
the labeled thyroxine leaves the plasma much more
slowly (15). That this degradation and excretion
of thyroxine by the liver is important is suggested
by a greater effectiveness of administered thyroxine
when the liver is partially removed (18). Also
thyroxine given intraperitoneally is less effective
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FIG. 1. SPI IN INFECTIOUS HEPATITIS
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than when given subcutaneously unless the bile
duct is ligated (19).

In instances of biliary obstruction studied the
excretory function of the liver is destroyed, but the
liver cells may not all be sufficiently damaged to
prevent the degradation to inorganic iodine of
whatever thyroxine is presented. The inorganic
iodide is excreted by the kidney and a normal SPI
is found even though considerable derangement of
hepatic function may be present. The normal SPI
in obstructive jaundice indicates that the high
SPI found early in hepatitis is not referable simply
to retention.

In hepatitis, tests of liver function are found
to be abnormal early in the course of the disease
(8, 20, 21). Biopsies of the liver taken during
hepatitis and autopsy studies in fulminant cases

show that widespread damage of the hepatic cells
occurs soon after the onset (22-24). After a la-
tent period, areas of regeneration appear and
extend even though the patient may remain
desperately or even fatally ill (24). The initial
widespread damage caused by the disease may be
sufficient to prevent the normal destruction of thy-
roxine by the liver. In addition, at this stage of the
disease, the excretory function of the liver is de-
stroyed. The kidney is able to excrete largely
inorganic iodide and the organic iodinated com-

pounds may, under these circumstances, increase
in the serum. Later in the disease a sufficient
number of liver cells may either recover or regen-

erate; a normal SPI is then found despite the con-

tinuance of other evidences of gross hepatic ab-
normalities.

SUMMARY AND CONCLUSIONS

1. SPI in five patients with obstructive jaundice
was normal.

2. In cirrhosis SPI was either normal or low.
When low, the serum albumin may also have been
low but there was no consistent relationship be-
tween the two. The depressed SPI may be cor-

related with the severity of the disease but with no

single test of hepatic function.
3. In hepatitis, elevation of SPI occurred early

in the disease. After the first four weeks of ill-
ness no abnormal values were found. The pos-

sible significance of these alterations has been
discussed.
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