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Copper and Manganese Concentrations in Biliary Cirrhosis of Liver
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Summary: The presence of large amounts of copper in
the liver in primary biliary cirrhosis has been con-

firmed; a similar increase is not found in cases of long-
standing extrahepatic biliary obstruction. The serum

caeruloplasmin levels are raised in primary and secondary
biliary cirrhosis, but this increase does not appear to be
related to the degree of increase of hepatic copper. ITe
manganese content of the liver is slightly raised in both
these conditions.
The reason for the increased metal content in these

circumstances cannot yet be determined, and the effects
are not yet understood.

Introduction

Primary biliary cirrhosis is a rare type of cirrhosis of the liver
characterized by chronic jaundice of obstructive type but
without extrahepatic obstruction. The cause of the disease is
unknown, and the condition is often difficult to distinguish
from extrahepatic obstructive jaundice without surgical
exploration of the biliary system. Another feature of the
disease was reported by Hunt et al. (1963), who found a mean
liver copper concentration of about 30 times the normal value in
six patients with primary biliary cirrhosis. Copper is normally
excreted in the bile and only small amounts appear in the urine,
so it might be expected that any condition causing retention of
the bile would lead to retention of copper. However, in three
cases of long-standing extrahepatic obstruction hepatic copper
concentrations were found to be within normal limits (Hunt
et al., 1963). Studies with experimental animals have shown
that in normal circumstances the main pathway for manganese
excretion is via the bile (Cotzias, 1962; Papavasiliou et al.,
1966), and for this reason some rise in hepatic manganese
concentrations might be expected to accompany biliary cirrhosis.

In the present study copper and manganese concentrations
in the liver have been measured in a further 10 cases of primary
biliary cirrhosis and in six cases of long-standing extrahepatic
obstruction. Serum caeruloplasmin concentrations have also
been measured in a number of patients with biliary cirrhosis.
The possible relation between serum caeruloplasmin levels and
the concentration of copper in the liver has been studied in
rats after induction of increased hepatic copper concentrations
by ligation of the bile duct and parenteral injection of copper.

Experimental

The human liver samples were biopsy or necropsy specimens
of about 1 g. weight, but in one instance maesurements, were
made on a few milligrams of tissue obtained by needle biopsy.
Metal concentrations were determined by neutron activation
analysis, either by the procedure described by Parr and Taylor
(1964) for iron, cobalt, copper, and zinc or by a method for
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copper and manganese described elsewhere (Worwood and
Taylor, 1967). Blood samples were collected with disposable
needles and disposable plastic syringes, and caeruloplasmin
activities were measured by the method of Ravin (1961).
For the animal experiments female August rats weighing 130

to 160 g. were used.- The abdomen was opened by a midline
incision under ether anaesthesia, the bile duct was tied off
with a single nylon ligature, and the wound was closed with
sutures and clips. The ligated animals were divided into two
groups: one group received no further treatment, while the
animals in the second group were given 10 daily intraperitoneal
injections of 100 jug. of copper as copper acetate. Both groups
of animals were killed 13 days after operation and serum
caeruloplasmin activities were measured (Ravin, 1961). Liver
copper concentrations were measured by a colorimetric method
(Snell and Snell, 1949).

Results

For most of the samples iron, cobalt, and zinc concentrations
were measured, but no significant differences were found be-
tween the concentrations of these metals in biliary cirrhosis and
in other types of cirrhosis (Worwood, 1967). For this reason
only the copper and manganese concentrations are reported,
and these are given in Tables I and II. The copper concentra-
tions for normal adult liver reported by Parr and Taylor (1964)
and quoted in Table I were measured in necropsy specimens
of liver from six adult accident victims in the London area, and
the methods used were similar to those used for the present
study. The four specimens of normal adult liver were taken
from patients with no symptoms of liver disease.

TABLE I.-Copper Concentrations in Human Liver

Copper Concentration
Diagnosis No. of (jg./g. Wet Liver)

Mean S.D. Range

Normal adult* .. 6 6-9 1-7 4 1-9 0
Normal adult livert .. .. 4 9 0 3-2 5-6-13-2
Primary binary cirrhosis .. 10 186 71 99-310
Extrahepatic biiary obstruction . . 5 91 4-7 2-6-14-4

1 76 -

Alcoholic and idiopathic cirrhosis 32 17-0 12-3 3 9-52 7

* Parr and Taylor (1964). t Present study.

TABLE II.-Manganese Concentrations in Human Liver

Manganese Concentration
Diagnosis No. of (ug./g. Wet Liver)Diagnosis ~Cases

Mean S.D. Range

Normal adult liver .. .. 3 1-5 0-2 1-31-7
Primary biliary cirrhosis .. 3 2-3 0-7 1-5-2-8
Extrahepatic biliary obstruction.. 3 2-1 1-3 1-1-3-5
Alcoholic and idiopathic cirrhosis 10 1-5 03 1-1-2-0

Serum caeruloplasmin concentrations were measured in
seven apparently healthy male research students (aged 23-29
years), the mean value found being 32 ± 3 (S.D.) mg. of caerulo-
plasmin per 100 ml. of serum. This result agrees with those
found by Ravin (1961) and Cox (1966) for normal adults.
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Caeruloplasmin concentrations were also measured in a
number of patients with cirrhosis of the liver, and these results,
together with their hepatic copper concentrations, are given in
Table III. Copper determinations by neutron activation
analysis were made on biopsy specimens from Patients A, B, C,
and F. However, the biopsy specimens from Patients A and F
were taken several years before the serum caeruloplasmin con-
centrations were determined, and it is now thought that
Patient F may be another case of primary biliary cirrhosis. No
liver specimens were available for analysis from Patients D, E,
and G. but there was no reason to suspect high liver copper
concentrations. The serum caeruloplasmin and hepatic copper
concentrations in rats with biliary obstruction are shown in
Table IV.

TABLE III.-Serum Caeruloplasmin Concentrations

Patient
Caeruloplasmin

Diagnosis Concentration
I(mg./100 ml. Serum)

Liver Copper
Concentration

(pg. Cu/g. Wet Liver)

A Primary biliary
cirrhosis 59 142

B , ,,58 99
C 44 310
D Secondary biliary

cirrhosis 46
E Idiopathic cirrhosis 31
F ,, ,, 50 19
G ,, 59 -

H Normal volunteers 32 ±3

TABLE IV.-Rat Caeruloplasmnn Concentrations

Caeruloplasmin Liver Copper
No. of Activity Concen onTreatment Rats (O.D. at 530 m/4 (Og./g. Wet Liver

Mean ± S.D.) Mean Values)

Normal rats .6 094 ± 009 4-7
Bile duct ligated. Killed 13

days later .. .. 5 1-39 ± 0-42 4-7
Bile duct ligated. 10 daily

injections of 100 pug. Cu.
Killed 13 days after ligation 11 1-32 ± 0-32 77

O.D. = Optical density units.

Discussion

Including the patients in the present series with those pre-
viously reported (Hunt et al., 1963), copper concentrations have
been measured in a total of 16 patients with primary biliary
cirrhosis and in nine with extrahepatic obstruction. In all the
16 cases very high hepatic concentrations have been found,
whereas all but one of the cases of extrahepatic obstruction
showed near normal copper concentrations. The exception
was a case of secondary biliary cirrhosis and carcinoma of the
liver, but even here the copper concentration of 76 jug./g. wet
liver was lower than any of the values found in the primary
cases.

In patients with other types of cirrhosis hepatic copper con-
centrations have been found to be very variable (Sass-Kortsak,
1965), and similar large variations have been found in the
present study. In cases of idiopathic and alcoholic cirrhosis
mean hepatic copper concentrations are higher than normal,
but individual copper concentrations range from less than
normal to several times the normal mean. It is not known
whether biliary obstruction was present in any of the cases of
moderately high copper content. In. a series of cases of
Laennec's cirrhosis Gubler et al (1957) found no correlation
between copper content, duration of disease, fibrosis, and degree
of fatty infiltration, but they noted that in three cases of
moderately high liver copper content biliary retention was
discernible at necropsy. It may be that liver copper concentra-
tions vary with the degree of intrahepatic cholestasis. It seems
that extrahepatic obstruction rarely leads to high liver copper
levels.

These high copper concentrations are easily measured by
neutron activation analysis on a few milligrams of tissue
obtained by needle biopsy of liver, and such a copper determina-
tion may be of value in deciding between extrahepatic and intra-
hepatic obstruction in a case of biliary cirrhosis. Manganese
concentrations seem to be raised in cases of both primary and
secondary biliary cirrhosis, but no large increase of manganese
concentration similar to that of copper is seen in primary cases.
The absence of very high concentrations of manganese in the
liver in cases of biliary cirrhosis probably reflects the existence
of other, non-biliary, routes for the excretion of this metal
(Papavasiliou et al., 1966).
High hepatic copper concentrations are associated with some

other diseases. In Wilson's disease high liver copper concentra-
tions are found together with much-reduced concentrations of
serum caeruloplasmin. In a number of cases of juvenile cir-
rhosis extremely large amounts of liver copper have been found
(Butt et al., 1958), but some of these cases were of a biliary
type, and it has been suggested that the possibility that some
were cases of Wilson's disease was not excluded (Sass-Kortsak,
1965).
The measurements of serum caeruloplasmin activities

(Table III) show that increases in hepatic copper content up to
30 times the normal value have little effect on the caeruloplasmin
activity in the serum. Similarly in the rats with ligated bile
ducts the presence of large amounts of copper in the liver did
not result in higher serum caeruloplasmin activities than those
in the rats which did not receive copper injections. This latter
observation is in agreement with the findings in neonatal rats
(Evans and Wiederanders, 1967). Serum caeruloplasmin acti-
vities have been found to either increase or decrease in a variety
of types of liver disease, and Gault et al. (1966) concluded that
knowledge of the serum caeruloplasmin activity was not a
significant aid in the diagnosis of liver disease. In some cases,
however, it could assist in assessment of the degree of liver
scarring.

Little is known about either the cause or the effect of the
high hepatic concentrations in primary biliary cirrhosis and
other types of intrahepatic cholestasis. It would be interesting
to find out if copper absorption is defective in these patients
and if the hepatic copper concentration increases as the disease
progresses. It is thought that in Wilson's disease the high
hepatic copper concentrations are responsible for the liver
damage and cirrhosis, but it has recently been shown that in
this condition (Goldfischer and Moskal, 1966) and in experi-
mental animals loaded with large amounts of copper (Scheuer
et al., 1967; Goldfischer, 1967) the copper is largely concen-
trated in hepatic cell lysosomes. As one function of the lyso-
somes is to store indigestible material (de Duve, 1963), copper
stored in this way may be able to exert little direct action on
the cell. However, some increase in the concentration of func-
tional copper in the hepatic cell may also occur, and it is known
that, in vitro, fairly small amounts of copper can inhibit certain
enzymes (Peters, 1966). It has been suggested that in cases
of Wilson's disease copper accumulation is associated with
the release of enzymes from lysosomes and that this
may be a mechanism for copper cytotoxicity (Lindquist,
1967).

Biliary obstruction leads to cellular necrosis and eventually
to cirrhosis of the liver. It has been suggested that a chemical
factor in bile, which is probably not bilirubin, and increased
biliary pressure are responsible for the necrosis (Heimann,
1965). In primary biliary cirrhosis both biliary retention and
copper accumulation must be considered, and the importance
of either factor is not yet known. We have a few patients
suffering from primary biliary cirrhosis and "infantile" cir-
rhosis who are being treated with prolonged courses of penicil-
lamine. The results are encouraging, and within a year it will
be possible to give more precise details of the effects of such
treatment.
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Summary: Three patients with inoperable malignant
hepatomas were treated by intra-arterial infusion of

fluorouracil. In each case the treatment gave relief of
symptoms: there was striking relief of pain in two cases.

Preoperative angiography is essential, but the technical
problems are relatively minor.
The response of the tumours to chemotherapy is suffi-

ciently encouraging to justify greater efforts for early
diagnosis.

Introduction

Though surgery has a place in the treatment of primary
carcinoma of the liver (Borman et al., 1961; McWilliam,
1961; Wilson et al., 1964; Lawrence et al., 1966; Lin, 1966;
Chan, 1967), partial hepatectomy still remains a formidable
operation, with a mortality of up to 30% even in experienced
hands (Schweizer and Howland, 1960; Brunschwig, 1963;
Smith and Sherlock, 1964; Lin, 1966). In many cases resec-
tion is not possible because both lobes of the liver are involved
by tumour. For these reasons alternative approaches to therapy
require consideration.

Nelson et al. (1966) reported no significant beneficial effect
in a series of 21 cases of hepatoma treated by oral fluorouracil,
thiotepa, methotrexate, vincristine, or melphalan compared
with a series of 18 controls, while Papac and Calabresi (1966)
found no response to intravenous infusion of floxuridine.
Intra-arterial infusion.has proved more successful in the hands
of Lawrence (1965), who reported objective improvement
lasting for three to four months in two out of four cases, while
Ariel and Pack (1967) favoured combined intra-arterial treat-
ment with chemotherapy and radioactive isotopes. They
pointed out that most cases of liver cancer are nourished via
the hepatic artery and described two techniques, one by retro-
grade catheterization through a femoral artery and one,
involving laparotomy, by an approach through the right gastro-
epiploic artery. Gorgun and Watne (1967) infused two
hepatomas with methotrexate by the latter route and noted
reduction in size of the liver and return of temperature to

normal; they concluded that " significant palliation may occur
after prolonged methotrexate infusion." Rochlin and Smart
(1966) noted regression in two out of four hepatomas treated
by hepatic artery infusion with fluorouracil via a catheter intro-
duced through the brachial artery, though Byron et al. (1961)
found no response in two hepatomas similarly treated with
nitrogen mustard.
Most of the cases in the series described by these authors

were of secondary carcinoma, and no distinction is made
between the symptoms caused by this condition and those of
primary hepatic carcinoma. It is, however, common experience
that metastatic liver cancer is often painless, while if pain is
present it is usually not a dominant feature of the illness. On
the other hand, in primary carcinoma of the liver, several
authors (Schupbach and Chappell, 1952; MacDonald, 1957;
Nett and Gilbert, 1966; Nelson et al., 1966; Chan, 1967)
have stressed the importance of pain in the symptomatology
of the disease in adults. This feature alone makes it more
important to palliate hepatoma than secondary carcinoma.
We report here three cases of hepatoma treated by intra-

arterial infusion of fluorouracil, which produced striking relief
of pain in two instances and disposed of lesser pain in the
other.

Case 1

A 47-year-old Lebanese merchant from Sierra Leone was origin-
ally admitted to the Hospital for Tropical Diseases, London, under
the care of Dr. J. H. Walters in June 1967. Diabetes had been
discovered nine months previously but was well controlled by
500 mg. of tolbutamide t.d.s. For three months he had suffered
increasing right upper abdominal and lower chest pain and had lost
weight. His liver was much enlarged, hard, and tender, and there
was no bruit over it. The spleen was not palpable and there was
no ascites or jaundice. The E.S.R. was 96 mm. in one hour
(Westergren) and the plasma albumin 2.8 g./100 ml. Liver scan
showed a large liver with irregular uptake. Needle biopsy showed
an anaplastic hepatocellular carcinoma.

His pain was very severe and needed 300 mg. of pentazocine for
its control. A catheter was passed through the right femoral artery
into the coeliac axis on 4 July and the liver was perfused with
250 mg. of fluorouracil daily up to 6 July, when the dose was
increased to 500 mg. daily until 24 July (total dosage 10 g.). Hs
pain was dramatically relieved within two days and the liver became
quickly softer and smaller.
He returned to Freetown on 28 July but died in November 1967.
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