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SERUM HORMONE LEVELS FOLLOWING PARTIAL HEPATECTOMY IN THE RAT
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SUMMARY

Serum levels of insulin, glucagon, growth hormone (somatotrophin) and
thyroxine (TT,) were measured by radioimmunoassay following both sham
operation and 707 partial hepatectomy in the rat to evaluate changes in
hormone levels during liver regeneration. An eleven fold increase in
glucagon was observed (from 112 + 10 pg/ml to 1500 + 200 pg/ml) 6 hours
following partial hepatectomy but not sham operation. In contrast, in-
sulin levels remained unchanged compared to sham controls for up to
72 hr while growth hormone fell to low levels, 6 to 48 hr after partial
hepatectomy. Both total thyroxine and free thyroxine levels also fell
24~72 hours after hepatectomy. These studies suggest that growth
hormone, thyroxine and insulin are not primary stimulants of hepatic
regeneration although the data suggests that glucagon may modify this
growth process.

INTRODUCTION

Humoral factors are believed to initiate the dramatic burst of
hepatocellular proliferation that follows partial hepatectomy (1-4), but
whether known hormones (5-8) or new polypeptides (9,10) are involved in
this process is not clear.

A number of workers (5,6,8,11,12) have independently shown that the
pancreatic hormones, insulin and glucagon may play an important role in
regulating liver regeneration. For example, work by Price et al and
Whittemore et al {5,6) showed that glucagon could normalize the timing
of liver regeneration which is delayed in partially hepatectomized
depancreatized dogs (5) and eviscerated rats (6). More recently Bucher
and Swaffield (13}, also working with partially hepatectomized eviscerated
rats, indicated that glucagon and insulin were synergistic regulators of

the rate of regeneration but were not the humoral factors which initiate

liver cell proliferation.
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Thyroid hormone (tri-iodo-thyronine) stimulated hepatocellular
hyperplasia (14) and while growth hormone might also influence liver
regeneration (15) the regenerative response to partial hepatectomy is
nearly normal in hypophysectomized rats (16).

Despite the interest in the role of hormones in liver regeneration,
few measurements of serum hormone levels have been made following partial
hepatectomy (13). 1In the present report we measured simultaneous changes
in serum levels of insulin, glucagon, growth hormone (somatotrophin)
and thyroxine following sham operation and partial hepatectomy in the
same group of rats.

MATERIALS AND METHODS

Animals ~ Eight male Sprague Dawley rats (200 + 10 g (fig. 1) were housed
in wire bottom cages (2 to a large cage) at a constant temperature of
37°C in air conditioned windowless rooms with a 12 hour night and day
cycle. The animals were allowed free access to standard laboratory chow
and water, throughout the experiments.

Surgery - Partial hepatectomy (65 + 5%) was performed by the method of
Higgins and Anderson (17) under light ether anesthesia. Sham operations
consisted of an abdominal incision (1" long) and manipulation of the
liver. All operations were performed between 9 and 11:00 am to diminish
the influence of diurnal variations on hormone levels (18).

Experimental design - Blood (2 ml) was collected from the right or left
juglar vein under light ether anesthesia in Trasylol (100 u/ml blood)
(FBA Pharmaceutical, Bay Chem. Corp. N.Y.), 24 hours before and at timed
intervals following surgery. Sera were collected and stored at -20°C
until assayed.

All animals initially underwent sham operation (see above). 2 ml of
blood were then collected from each animal at 6,24,48 and 72 hours and
their weight recorded. At the end of the three days, the animals were
allowed to recover for a period of six weeks.

A second control blood (2 ml) was then collected. Partial hepat-
ectomies were performed 4 days after this blood collection. Samples of
blood (2 ml) were collected and the animal's weight recorded at 6,24,48
and 72 hours following partial hepatectomy. After the second 3 day
experimental period, the rats were allowed to recover for a further 9
days, and final blood samples were collected.

Hormone assays - All hormones were detected by radioimmunoassay except

TT, which was measured using a competitive binding protein assay. Insulin
by the method of Morgan et al, (19) and glucagon (20) by a modified
procedure using a second antibody instead of charcoal for the separation
of free and bound antibody. Growth hormone (21) was assayed in the
laboratory of Dr. V. Fang and thyroxine (22,23) in the laboratory of

Dr. L. DeGroot.

RESULTS
Figure 1. shows the effect of sham operation and partial hepatectomy

on body weight (1A), serum insulin (1B), glucagon (1C), growth hormone
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Fig. 1. Body Weight and Serum Hormone Levels in Rats Following Sham or
70% Partial Hepatectomy.

Groups of 8 rats were either sham operated or partially hepatectomized.
Blood was withdrawn from these animals at the times indicated. The serum
was assayed for hormones as described in the text.

The animals were first sham operated, the course of hormone changes
followed for 3 days. The animals were then allowed a 6 week recovery
period (the light hatched section indicated on the abscissa). Control
samples of blood were withdrawn and the animals were allowed a further
4 days recovery (the dark hatched section). Partial hepatectomies were
then performed and the animals followed for a further 3 days by serial
blood withdrawals. The rats were then allowed to recover for a further
9 days for final control blood samples.

Data is expressed as the mean + standard deviation, and those numbers
differing from controls by P 0.01 or less in a paired Student t-test are
considered significant and marked thus @

~ Body weight (g)

— Insulin levels (ul/ml)

Glucagon levels (pg/ml)

-~ Growth hormone (somatotrophin) levels (ng/ml)

- Thyroxine levels (total thyroxine TT, ug’Z, and free thyroxine
index FTy)

S - sham operation, RC - recovered control, PH - partial hepatectomy
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(somatotrophin (1D) and both total and free thyroxine levels (1E).

Following sham operation, all animals maintained body weight but
did not gain weight until the recovery period (Fig. 1A). Following
partial hepatectomy all animals showed a steady weight during the
experimental period (Fig. 1A).

The most dramatic change in serum hormone levels occurred with glu-
cagon which did not rise significantly above control values following
sham operation but increased 11 fold shortly after partial hepatectomy
(Table 1). After falling at 24 hr. (Fig. 1C), glucagon levels rose
again to a maximum of 1500 + 200 pg/ml at 48 hours which was sustained
for a further 24 hours (Fig. 1C). Serum collected 9 days after surgery
still showed an elevated level of 450 + 127 pg/ml.

Insulin levels fluctuated but were significantly increased at 6 and
72 hours following sham operation. Following partial hepatectomy there
was no significant rise of the hormone level above the levels in sham
controls (Table 1, Fig. 1B).

Growth hormone increased at 72 hrs following sham operation but fell
to very low levels 48 hours after partial hepatectomy (Table 1). A return
to control levels was seen at 72 hours (Fig. 1D).

Neither total thyroxine (TTA) nor free thyroxine (FTI) levels were
influenced by sham operation (Table 1). However, 24 hr following
partial hepatectomy, both values fell precipitously to 50% of control

level and remained at a low level for the remainder of the experiment.

(Table 1, Fig. 1E).

Boiling of the sera at pH 5.5 for 2 minutes destroyed the immuno-
reactivity of thyroxine and insulin but not growth hormone (Table 2).
The glucagon level was reduced approximately four fold to levels

similar to those found in the sera from sham operated animals.

DISCUSSION

This study suggests tha  insulin, growth hormone, and thyroxine are
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Table 2 - The Effect of Boiling on Rat Serum Hormone Levels

Hormone Untreated Serum* Boiled Serum#**
Insulin 36.8 + 3.3 2,5 + 0.1
Glucagon 450 + 127 105 + 18*
Growth Hormone 23.0 + 2.0 17.0 + 3.1
Thyroxine (TT,) 1.95 + 0.3 0.4 + 0.02%
Thyroxine (FT) 3.0 + 1.0 0.5 + 0.1%

* Collected at end of the final 9 day recovery period

*% Sera were adjusted to pH 5.5 with 1 N HCL and boiled for 2
minutes, followed by centrifugation. The supernatant solution
was used for hormone assays.

+ Significantly lower than controls (p <0.0l in a Student t-test)

not primary stimulators of cell proliferation in the liver since serum
insulin levels did not rise significantly in the first 72 hours after
partial hepatectomy while growth hormone and thyroxine actually fell
(Fig. 1, Table 1). However, the large increases in glucagon levels
following removal of two thirds of the liver suggest that this hormone
might influence liver regeneration, an observation which would be
consistent with previous concepts that pancreatic hormones play a role
in this process (5,6,12,13). Data of Leffert (12) and Bucher and
Swaffield (13) suggests that insulin and glucagon interact in a syner-
gistic fashion to facilitate liver regeneration. However, we observed
only a small rise in insulin levels after partial hepatectomy which
were not significantly different from those observed after the sham
operation. Our first measurements were obtained 6 hours after partial
hepatectomy, and earlier changes might be different. Bucher and
Swaffield observed a fall in portal insulin to negligible levels 2
hours after removal of two-thirds of the liver in the rat and therefore
concluded that insulin was not necessary for the very early events of

liver regeneration, despite the demonstration that both insulin and
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glucagon normalized the timing of the regenerative response that was
markedly delayed but not abolished in the partially hepatectomized
eviscerated rat (13).

It is also possible that changes in serum levels of hormones are a
secondary response to the removal of two thirds of the liver. The fall
in FTI values (with a concomitant increase in resin uptake ratio (RUR)-
not shown) suggests that there is a decline in binding protein production
by the liver remnant, while the decrease in free thyroxine may reflect
a disturbance in the pituitary axis leading to a reduction in release of
the thyroid stimulating hormone from the pituitary and therefore a
decrease in thyroxine production by the thyroid (22).

Diminished binding of hormones to liver plasma membranes might also
influence serum hormone levels and could independently account for the
rise in serum levels of glucagon. Leffert (24) has found that liver
plasma membrane preparations from 24 hr regenerating liver tissue
bind 40-607% less Ilzs—glucagon than liver plasma membranes from sham
operated animals, which would support this hypothesis. Furthermore,
it is well known that the liver is an important organ for the degradation
of both glucagon (25) and insulin (26). The marked increase in the
former but not the latter hormone is of interest in this regard and
suggests that the feedback control of insulin through circulating
glucose and amino acid levels may be more precisely regulated than
that of glucagon.

Previous studies from our laboratory have described the appearance
of a polypeptide (s) in serum, 12-36 hrs following partial hepatectomy
in rats, which stimulates hepatic DNA synthesis and which is resistant
to boiling and dialysis. (RFl) (9). The present study indicates that
this factor is not related to growth hormone, insulin, or thyroxine
since these hormones do not increase in serum from partially

hepatectomized animals during this time period. Although changes in
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glucagon levels parallel the appearance of RFl, glucagon itself is

not a very effective stimulant of DNA synthesis in the intact rat (14).
In addition, although immunologic and biologic activity can not always
be equated, glucagon immmoreactivity is reduced four fold by boiling
of the sera (Table 2) suggesting that it also is not related to the
heat stable humoral factors from the partially hepatectomized rat which
stimulate hepatic DNA synthesis. However, plasma glucagon has recently
been shown to comprise a number of components (27), and further work
will be required to determine whether one or more of these components
is resistant to boiling and may rise disproportionately following partial
hepatectomy.
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