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Amphibian Pituitary Growth Hormone and Prolactin:
Immunochemical Relatedness to Rat Growth Hormone

Abstract. Growth hormone and prolactin were electrophoretically isolated from
amphibian pituitaries and then were tested in a radioimmunoassay with labeled
rat growth hormone and antiserumi to the same hormone. This isolation and
purification of the hormones increased the steepness of the slopes of competitive
inhibition in this system when compared to those of crude extracts. Both
hormones from most species tested showed high immunochemical cross-reactivity,
indicating that amphibian growth hormone and prolactin are structurally related

to rat growth hormone.

The results of comparative immuno-
chemical studies indicated that the
growth hormones (GH’s) in extracts
of pituitaries of nonmammalian tetra-
pods fall into major immunochemical
categories that correspond closely to
their phylogenetic relationship to mam-
mals (7). Thus there may be common
immunochemical molecular features
(determinants) among the GH’s of all
tetrapods, and the number of such com-
mon determinants may vary with phy-
logeny. However, there are several
problems in interpreting the results of
such studies when they are based on
the use of crude pituitary extracts. In
particular, we must consider the pos-
sibility that the immunological reac-
tivity in the pituitary extracts from
certain nonmammalian species may not
be due solely to GH.

Comparative bioassays of GH’s and
prolactins (PRL’s) have revealed a
significant overlap in the biological
properties of these two hormones from
diverse tetrapod species (2); the occur-
rence of such overlap is not predictable
on the basis of phylogenetic relation-
ships. In addition, the primary struc-
tures of these two hormones from
mammalian pituitaries are similar (3).
Either or both hormones may possess
common immunologic determinants in

some species but the occurrence of
these common determinants may be
unrelated to phylogeny. We now
present evidence that such phyloge-
netically unrelated cross-reactivities
occur among PRL’s and GH’s which
were isolated from pituitaries of diverse
amphibian species.

We separated GH and PRL from
fresh frozen pituitary glands of several
anuran and urodele amphibia by poly-
acrylamide disc electrophoresis (2).
The two hormones are well separated
by this procedure; the PRL’s have a
high electrophoretic mobility relative
to the GH’s of all species (2, 4). The
protein bands containing these hormo-
nal activities from extracts of adeno-
hypophyses from several amphibian
species were previously identified by
bioassays. We used the linear growth
test in juvenile toads to identify GH
(2) and the local pigeon crop sac for
PRL (4).

In the present study, the hormones
were obtained by electrophoretic sepa-
ration of extracts of pooled glands
from adults of both sexes (Table 1).
We tested the efficacy of the electropho-
retic system for the separation of the
hormones by using rat adenohypoph-
yses which were processed similarly
to the amphibian adenohypophyses.
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We also took a sample of each crude
pituitary extract for analysis by radio-
immunoassay prior to electrophoresis.
Immunochemical studies were per-
formed by a double antibody radio-
immunoassay technique with monkey
antiserum to rat GH (Z). Highly purified
rat GH (Ellis, 3.0 U.S.P. units per milli-
gram) was used for preparation of stan-
dards as well as for iodination with 1311
or 125], We made several dilutions of
the polyacrylamide gel eluates and tested
each dilution for its ability to compete
with labeled rat GH for antibody to
rat GH. The slopes of the curves
obtained from the data on competitive
inhibition of the binding of labeled
rat GH to the antibody (Fig. 1) were
used to determine the degree of related-
ness among the test materials and the
rat GH. The relative position of this
~dilution curve was used to estimate the
apparent concentration of GH in any
sample (Table 1). Emphasis was placed
on the relative reactivities of the GH
and PRL from each species rather than
on absolute concentrations of hormone.

The results of the test with GH
and PRL isolated from rat glands con-
firmed that the electrophoretic system
could effectively separate the two hor-
mones (Table 1). The slope of the
eluate prepared from the region of the
gel corresponding to rat GH as deter-
mined by bioassay (2, 5) was indistin-
guishable from that of the purified rat
GH standard. The graph obtained from
the eluate prepared from the region of
the gel containing PRL bioactivity (5)
also yielded a slope similar to the rat
GH standard but only at a very high
concentration. The results obtained
from the test of the rat PRL eluate in-
dicate that this fraction had a GH con-
tent equivalent to only 0.14 percent of
that contained in the GH region of
the gel.

In accordance with previous findings
(1), the crude extracts of all amphibian
pituitaries showed significant cross-re-
actions with the antiserum to rat GH
and, in most cases, the immunoreactive
substance or substances in the amphib-
ian extracts differed from rat GH, as
evidenced by the relatively flat slopes
(see data for bullfrog in Fig. 1). How-
ever, with extract from the glands of
the newt Taricha the slope of the inhibi-
tion curve was considerably steeper than
those observed previously with extracts
of either amphibian, reptilian, or avian
glands. As was expected from the
reactivity of the extracts, eluates
obtained from the region of the
polyacrylamide gel corresponding to
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Table 1. Immunochemical cross-reactivity of
various amphibian and mammalian prolactins’
with monkey antiserum to rat GH.

GH
Source of prolactin ;;T&‘:}Sy

(%)

Electrophoretically isolated
Rat 0.14
Ambystoma tigrinum 0.16
Necturus maculosus 24.40
Taricha torosa 25.00
Bufo marinus 23.80
Bufo boreas 50.00
Rana pipiens 65.00
Rana catesbeiana 80.00
Purified prolactins

Rat (Ellis, H-1V 8c) 0.40
Ovine (NIH S-9) 0.05
Bovine (NIH B-2) 1.50
Porcine (Li) 0.80

bioassayable GH (5) also inhibited the
binding of labeled rat GH to rat GH
antibody. However, in practically all
cases, the slopes of these curves were
considerably steeper than those ob-
tained with the respective crude ex-
tracts (Fig. 1). Furthermore, except
for the eluates from the tiger salaman-
der (Ambystoma tigrinum), significant
cross-reaction occurred with eluates
from the region of the gel corres-
ponding to the position of the stainable

Polyacrylamide gel eluate dilutions
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Fig. 1. Immunoreactivities of amphibian
and rat growth hormones and prolactins
isolated by polyacrylamide disc electro-
phoresis. The hormones were assayed
for their ability to compete with rat
GH for antibody to rat GH in a
radioimmunoassay. A crude pituitary
extract (PE) from the bullfrog (Rana
catesbeiana) is included for reference.
The highest concentration tested is rep-
resented by 64 ug (wet weight) of tissue.
RGH, rat GH.

protein band previously shown to have
the greatest PRL bioactivity (4). In
A. tigrinum, the PRL region exhibited
only about 0.16 percent of the im-
munoreactivity of the GH region. This
is comparable to the low activity
observed with PRL from rat glands
(Table 1). In all other species of amphib-
ians tested, the apparent GH activity
in the PRL region of the gels ranged
from 24 to 80 percent of that observed
in the respective GH regions (Fig. |
and Table 1).

Our results indicate that common
immunochemical determinants are
shared among the GH’s of mammalian
and amphibian species. However, they
raise certain questions regarding the
interpretation of earlier findings, at
least for the Amphibia, which were
based on studies with crude pituitary
extracts. First, the apparent correlation
between phylogenetic relation and the
degree of immunochemical relatedness,
as evidenced by the slopes of the
inhibition curves, must be reconsidered.
The slopes of the curves obtained with
the partially purified GH from the
amphibians tested are consistently
steeper than those obtained with the
homologous crude extracts; in fact,
they are steeper than the slopes
obtained previously with reptilian and
avian pituitary extracts. In the case
of the newt Taricha even the crude
extract exhibited a steeper slope than
did the reptilian material. A similar
increase in slope was also observed
when turtle GH was purified (6).
However, the change in slope with
purification is not a general phenome-
non since purified duck GH (6) and
shark GH (7) showed no significant
increase in the slope of their inhibition
curves when compared to the respective
crude extracts. Further work with GH’s
purified from the pituitaries of addi-
tional species may enable us to make
more meaningful generalizations re-
garding the slopes of inhibition curves.
The basis for the increases in the
steepness of the slopes observed in
this study with the purified GH’s is
not apparent at this time.

The second major concern arising
from our results is the strong cross-
reaction observed with some of the
amphibian PRL preparations with the
antiserum to rat GH. The monkey
antiserum to rat GH showed very low
cross-reactivity with purified PRL’s of
several mammalian species (Table 1).
These cross-reactivities could be ac-
counted for by the known contamina-
tion of the PRL’s with GH. The rela-
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tive inactivity of the Ambystoma PRL
in this immunologic system is consistent
with the results with rat glands and
confirms the effectiveness of the elec-
trophoretic  system for separating
amphibian GH and PRL. In contrast
is the high immunoreactivity in the
PRL zone of the polyacrylamide gels
from the other amphibians, especially
the two Rana. We cannot rule out the
possibility that the immunoreactivity
shown by most of the amphibian PRL’s
is due to contamination with GH. How-
ever, if such contamination occurs, it
must represent a modified form of GH
that does not migrate in the usual elec-
trophoretic position. In order to account
for this high degree of immunoreactivity
by postulating GH contamination, the
PRL region would have to contain up
to 80 percent of the total GH present
in the region identified as having GH
bioactivity. Such levels of contamina-
tion seem unlikely since our bioassay
failed to show significant somatotropic
activity in the PRL region from
Necturus and Rana catesbeiana when
tested in the toad (2). Furthermore,
when the PRL eluate was subjected to
further electrophoresis under different
conditions the Rana PRL was homo-
geneous.

On the basis of available information
it appears that PRL from several anuran
and urodele amphibia may have a high
degree of immunochemical relatedness
to amphibian as well as to mammalian
(rat) GH. Since the actual amount of
protein eluted from the GH and PRL
regions has not been determined, it
is not possible to compare the specific
immunoreactivity of each hormone
preparation. Our results provide further
evidence of the structural similarities
between these two pituitary hormones.
In addition they emphasize the need
for caution when attempting to use
antibodies against mammalian hor-
mones to measure hormones in non-
mammalian species, even when the anti-

- serum shows high specificity for the
homologous mammalian hormone.
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Lack of Glucagon Response to Hypoglycemia in Diabetes:
Evidence for an Intrinsic Pancreatic Alpha Cell Defect

Abstract. Despite excessive glucagon responses to infusion of arginine, plasma
glucagon did not rise in six juvenile-type diabetics during severe insulin-induced
hypoglycemia, whereas glucagon in the controls rose significantly. Thus in diabetics
pancreatic alpha cells are insensitive to glucose even in the presence of large
amounts of circulating insulin. An intrinsic defect common to both alpha and beta
pancreatic cells—failure to recognize (or respond to) plasma glucose fluctuations

—may be operative in juvenile diabetes.

Juvenile-type diabetes mellitus is gen-
erally thought to result mainly, if not
exclusively, from deficient insulin se-
cretion by pancreatic beta cells (/). Re-
cent studies (2-/0), however, suggest
that pancreatic alpha cell dysfunction
may also play an important role. Plasma
glucagon levels are often elevated in
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diabetes (3—5). There is lack of suppres-
sion of glucagon by glucose (6), and
glucagon responses to intravenous ar-
ginine are excessive (7). Nevertheless,
it is unclear whether these abnormali-
ties represent an intrinsic defect in al-
pha cells (8) or are merely the result of
insulin deficiency (9). In dogs made
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Fig. 1. Plasma glucose and glucagon responses to insulin-induced hypoglycemia (left)

and to intravenous arginine infusion (right)

in juvenile-type diabetics ( ) and in

normal controls (----). Vertical bars indicate standard errors; N is the number of

patients.
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