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In the preceding paper (1) a method was de-
scribed which permits the simple calorimetric es-
timation of microgram amounts of estrogens in
the presence of tissues. The results obtained by
the use of this method in a study of the in vitro
metabolic action of rat liver on 17-p8 estradiol were
also reported.

In the present paper we are reporting a similar
study on human liver. The original motive for
this study was to evaluate whether a deficiency of
the metabolic function of the liver exists in patients
with cancer of the uterus. Patients with this type
of cancer and other diseases were studied.

METHODS

The procedures described in the preceding paper for
the incubation of liver slices, the extraction of the estro-
gens and the calorimetric method for the measurement
of estrogens were used in the present work and found to
be applicable without modification to the study of human
liver.

Human liver specimens were obtained at laparotomy
from patients with various surgical diseases. The pa-
tients were unselected. The liver specimen was immersed
into ice-cold Krebs solution in the operating room, im-
mediately transferred to the laboratory and the incuba-
tion experiment begun. The time interval between surgi-
cal removal of the specimen and the beginning of the
incubation period did not exceed 10 minutes and was com-
parable to the time interval obtaining in the experiments
with rat liver.

The liver specimen consisted of a wedge of tissue re-
sected from the anterior border and weighing approxi-
mately 2 gms. Sufficient tissue was available in each
case to run the metabolic, the control and the blank
experiments with slices from the same bloc of tissue.

After slices were obtained from the liver biopsy, the

1 Presented in part at the 1951 meeting of the American
Society for Clinical Investigation, April 30th, Atlantic
City, N. J.

2 This work was supported in part by a grant from the
National Cancer Institute of the U. S. Public Health
Service.

3 Present address: Columbia University, College of
Physicians and Surgeons, New York, N. Y.

remaining tissue was fixed in formalin and sectioned for
morphologic examination.4 Thus the histologic sections
in each case came from the area immediately adjacent
to that furnishing the slices for the metabolic experiments.

There were three male and nine female patients in this
series ranging in age from 31 to 75. All were white ex-
cept Case 3 who was a Negro.

The overall clinical and laboratory data pertinent to
this study are presented in Table I. The diagnoses were
based on surgical exploration and pathologic examination
of operative specimens. All patients received preopera-
tive medication in the form of the usual dose of atropin,
nembutal and morphine or demerol. All patients received
a general anesthesia by ether and oxygen. Liver biopsies
were usually obtained shortly after laparotomy. Additional
data of significance for certain patients are presented as
follows.

Case 1: This patient had a carcinoma of the cervix for
which she underwent a radical hysterectomy in December,
1947. Recurrent carcinoma was discovered in December,
1950 and she then underwent the operation during which
a liver biopsy was obtained.

Case 2: This patient had an epidermoid cancer of the
cervix, leiomyoma, atrophic endometrium and chronic
salpingitis. A radical hysterectomy was performed in
March, 1951 and she underwent a laparotomy for recur-
rence of the cancer in July, 1951, at which time the liver
biopsy was obtained.

Case 5: This patient had an epidermoid cancer of the
cervix treated eighteen years ago by radium and X-ray.
On February 20, 1951, an exploratory laparotomy was
performed and multiple peritoneal metastatic implants
were discovered. There were no liver metastases.

Case 6: This patient had a papillary adenocarcinoma of
the cervix for which she underwent a total hysterectomy
and bilateral ovariectomy oIn June 30, 1950. X-ray ther-
apy was given from September 11, 1950 to October 9, 1950.
On March 22, 1951 she had an exploratory laparotomy
which failed to demonstrate the presence of cancer. The
liver biopsy was obtained during this laparotomy.

Case 8: This patient underwent a left radical mastectomy
for breast carcinoma in 1948. On March 30, 1951 she
underwent a partial hepatectomy (left lobe and anterior
portion of the right lobe immediately anterior to the
porta hepatica) for liver metastasis. The metabolic ex-

4 Microscopic examination of the liver specimens was
performed by Dr. Arthur Allen of the Department of
Pathology.
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TABLE I

Metabolism of estradiol by human lifter in vitro
300 mg. of liver incubated with 100 micrograms of 17-,a estradiol for three hours at 370 C.

Recovery Recovery Amount
Case No. Age Diagnosis Operation with boiled with fresh metabolized

liver liver

micrograms micrograms micrograms
1 CC 68 Recurrent carcinoma cervix Excision 94 51 43
2 WM 53 Epidermoid carcinoma cervix Excision 94 65 29
3 FL 31 Epidermoid carcinoma cervix Hysterectomy 83 57 26
4 AM 39 Adenocarcinoma corpus uteri Hysterectomy 107 62 45
5 HA 75 Papillary adenocarcinoma uterus Exploratory laporatomy 65 42 23
6 TM 30 No disease Exploratory laporatomy 76 73 3
7 ST 30 Ovarian cyst benign fibromyoma Removal of cyst 81 59 22
8 ER 44 Metastatic mammarycarcinoma Partial hepatectomy 87 57 30

to liver
9 AG 41 Cancer breast-hemochromatosis Bilateral oophorectomy 95 54 41

10 GC 63 Adenocarcinoma colon Colectomy 90 59 31
11 SM 53 Metastatic carcinoma liver Partial hepatectomy 90 69 21
12 VR 50 Metastatic carcinoma liver- Exploratory laporotomy 99 62 37

biliary cirrhosis

Summary of results
I. Boiled liver incubated with 100 micrograms 17-,$ estradiol

No. of experiments 12
Mean recovery 88
Mean deviation 11

II. Fresh liver incubated with 100 micrograms 17-,3 estradiol
No. of experiments 12
Mean recovery 59
Mean deviation 8
Mean amount metabolized 29 micrograms
Mean deviation 11

periment in this case was carried out with liver tissue free
of metastatic contamination.

Case 9: 5 This patient had a left radical mastectomy
two years previously for mammary carcinoma. In May,
1951 she presented evidence of mammary carcinoma of
the right breast and of hemochromatosis (diagnosis based
on a biopsy of the skin and of the liver). Mild diabetes
was present. Serum bilirubin level was 0.6 mg. B'rom-
sulfalein retention at 45 minutes was 9%, cephalin floc-
culation test was 1 plus at 48 hours, thymol turbidity was
6.7 cc. of barium sulfate suspension (2); alkaline phos-
phatase was 3.7 glycerophosphate units. On May 14,
1951 she underwent a laparotomy for bilateral oophorec-
tomy, during which the liver biopsy was obtained. A
photograph of a section of the liver is shown in Figures
1 and 2; it reveals marked alteration in lobular archi-
tecture with striking periportal fibrosis and a conspicuous
increase in lymphocytes and histiocytes in the periportal
areas. In addition there is an abundant hemosiderosis not
only of the periportal histiocytes but also of the epi-
thelium of bile ducts and of the parenchymal cells. No
Mallory bodies were present. Stains for hemofuscin were
not done. A skin biopsy was also examined and diagnosed
as hemochromatosis.

Case 11: This patient had an abdomino-perineal resec-
tion for carcinoma of the rectum six years previously and

5 Weare indebted to Dr. Guy Robbins for biopsy speci-
mens and permission to use this case.

FIG. 1. PHOTOMICROGRAPHOF SECTION OF LIVER FROM
CASE9 SHOWINGTHE HEMOSIDEROSIS, FIBROSIS ANDLOBU-
LAR IRREGULARITY OF HEMOCHROMATOSIS

Magnification 60 X. Hematoxylin eosin.
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FIG. 2

Same as Figure 1. Magnification 400 X.

underwent a left partial hepatectomy for a single meta-
static nodule 10 cm. in diameter located in the left lobe
of the liver. Liver tissue for the metabolic experiment
was obtained from the tumor-free portion of the surgical
specimen: morphological examination showed the ex-
perimental portion of tissue to be entirely normal. There
was no clinical or laboratory evidence of liver dysfunc-
tion in this patient.

Case 12: This patient underwent an exploratory lapa-
rotomy for jaundice which revealed multiple metastases
in both lobes of the liver; the primary tumor was un-
known. A biopsy from a region of the liver adjacent
to the metastatic tumor was used for the metabolic ex-
periment: morphologic examination of this biopsy
showed biliary cirrhosis with acute and subacute cho-
langiolitis (Figure 3). There was also a very small sub-
capsular focus of metastatic adenocarcinoma seen in this
section.

The serum bilirubin level in this patient wias 6.6 mg. but
no other evidence of liver dysfunction was present.

In summary, there were two patients in this series
(Nos. 9 and 12) who showed clinical and pathologic evi-
dence of liver diseases. In addition two patients (Nos. 8
and 11) had metastatic liver disease but showed no clini-
cal evidence of liver disease and the biopsy specimens
used for metabolic experiments showed an entirely nor-
mal structure. The remaining eight patients had nor-
mal livers by clinical observation and morphologic
examination.

RESULTS

1) Recovery experimiients: In the previous pa-
per (1) recovery experiments were carried out
with boiled rat liver slices in order to test the ac-
curacy of this method. Similar experiments with
boiled human liver slices were carried out here.
In 12 experiments using one hundred micrograms
of 17-f) estradiol incubated with 300 mg. of boiled
human liver slices for three hours, the mean re-
covery was 88 micrograms with a mean deviation
or sigma value of 11 micrograms.

2) Metabolism, of estradiol 17-/3 lbuhtuma liver
slices: When 100 micrograms of estradiol were
incubated at 370 C. with 300 mg. of fresh liver
slices for three hours, the decrease in color-pro-
(duc1ng material expressed as estradiol averaged 29
micrograms ini 12 experiments using specimens
from 12 differently patients; the sigmia value was 8
micrograms.

Individual experiments are shown in Table I.
In each case a recovery and a metabolic experi-
menit were carried out simultaneously with slices
from the same bloc of tissue. The amount of 17-fA
estradiol metabolized was calculated by subtracting

FIG. 3. PHOTOMICROGRAPHOF SECTION OF LIVER FROM
CASE 12 SHOWINGTHIE PROILIFERATION OF BILE DUCTS
AND PERIPORTAL FIBROSIS

Magnification 200 X. Hematoxylin cosin.
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the amount recovered after incubation of fresh
tissue with estradiol from that obtained after in-
cubation of boiled tissue with estradiol. The re-

sults show great individual variations extending
from 3 micrograms to 45 micrograms. No cor-

relation could be found in this series between the
metabolic activity and the nature of the disease, the
age or other data from the clinical history. Of
special interest is the fact that the liver from the
three patients with cancer of the cervix uteri
(Nos. 1, 2 and 3) and the one patient with cancer

of the corpus uteri showed an in vitro metabolic
activity well within the average values for the
whole series. Also, it is noteworthy that the
livers of the two patients (Nos. 9 and 12) with
definite clinical and pathologic evidence of serious
liver disease did not show an impaired in vitro
metabolic activity.

DISCUSSION

The 12 patients studied here represent a heter-
ogeneous group of diseases. Metabolic experi-
ments of the type carried out here could not be
done on entirely normal subjects because lapa-
rotomy was required to obtain the large liver
biopsies which were needed. Since none of the
subjects was entirely normal, no absolute con-

clusion on the normal in vitro metabolic activity
of human liver towards estradiol can be deduced
from the data reported here. However, there are

several factors which suggest that the average

amount of estradiol found to be metabolized by
human liver in our experiments may not be very

different from what normal human liver can me-

tabolize in vitro. These factors are: 1) In this
heterogeneous group of patients of different ages

and with different types of tumors, the amount of
estradiol metabolized was fairly uniform as shown
by the sigma value of 11 micrograms for the whole
group. 2) Two liver specimens (from Cases 9
and 12), which showed pathologic evidence of ad-
vanced liver disease, had a metabolic in vitro ac-

tivity well within the average range of values for
this series. Since all other liver specimens were

morphologically normal, it would appear that the
metabolic function of liver studied here may be
unimpaired even in the presence of structural
changes indicative of serious liver damage. 3)
One patient in this group (Case 7) did not have

cancer and the metabolic activity of her liver was
not greater than that of the other patients who
had cancer. 4) The amount of estradiol found to
be metabolized by this group of patients, although
smaller than the average amount metabolized by
rat liver in vitro, was of the same general order
of magnitude. The rat is considered to be one of
the most active species as far as this metabolic
function is concerned and our results indicate
that human liver differs only to a moderate degree
from the rat liver.

On the basis of the results obtained here, one
can conclude that an average human liver (weigh-
ing 15,000 gins.) is able to metabolize in vitro ap-
proximately 11.5 gms. of 17-pt estradiol per 24
hours at 370 C. No data are available as yet to
indicate in which way this very high level of "in
vitro" activity is related to the physiologic activity
"in vivo."

Although none of these arguments is decisive,
taken together they suggest that our results give
a valid indication of the capacity of the human
liver to metabolize estradiol in vitro. However,
the effect of the pre-operative medication and gen-
eral anesthesia on this metabolic reaction can not
be accurately evaluated. The data also show that
this metabolic function was not impaired in three
patients with cancer of the cervix and one patient
with cancer of the fundus. This fact is interesting
in view of the many attempts in recent +years to
attribute to hyperestrinism an etiological role in
cancer of the uterus (3, 4). Certain authors have
postulated on the basis of indirect evidence that
impairment of the estrogenic metabolic function of
the liver was associated with the presence of can-
cer of the cervix and the fundus (3, 4). Our data
do not support this hypothesis but indicate that
advanced disease of the liver as judged from clini-
cal and morphologic observation may not affect
its in vitro metabolic activity on estradiol. It
seems that this metabolic function should not be
impaired in mild liver disease and does not consti-
tute a sensitive test of liver function.

Twombly and Taylor have shown that human
liver is able to metabolize estradiol in vitro (5).
Our data confirm their conclusion and give infor-
mation, in addition, on the quantitative aspect of
the reaction. However, it is well to remember that
the method of study of the metabolic function of
the liver used here does not necessarily measure the
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same metabolic alteration which results in inacti-
vation of the estrogens as measured by the bio-
assay. The possibility has not been ruled out in
these experiments that the metabolites from es-

tradiol metabolism by liver are different in patients
with cancer of the uterus and other patients or

normals. This possibility will be discussed in a

future report.
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