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Little information is available as to the 
phylogenetic distribution of the gastrointes- 
tinal hormone gastrin. It is hoped that by 
studying the phylogenetic evolution of this 
hormone one will be able to provide some 
insight into the development of hormone 
heterogeneity. Gastrin-like materials have 
been previously reported in nonmammalian 
species such as molluscs ( l ) ,  elasmobranchs 
(2), reptiles, and birds (3, 4). This study 
represents the initial finding and characteri- 
zation of the molecular heterogeneity of im- 
munoreactive gastrin activity in the order 
Amphibia. 

Methods. The gastrointestinal tracts (in- 
cluding liver and pancreas) of 30 bullfrogs 
(Rana catesbeiana), 10 R.  pipiens, and 8 
Necturus were dissected out quickly after 
the animals were killed by decapitation. The 
gastrointestinal tracts were sectioned into 
esophageal, fundic, antral, duodenal, mid- 
gut, and terminal intestinal components. 
The muscularis of each of these tissues was 
dissected away as much as possible in a petri 
dish in oxygenated amphibian Ringer's solu- 
tion at pH 7.4 .  The mucosa of each of the 
above tissues as well as the liver and pan- 
creas were then weighed and separately ho- 
mogenized. The homogenates were then di- 
luted in 20 ml of H,O and boiled for 15 min. 
The solutions were allowed to cool for 10 
min and then centrifuged and the superna- 
tant solutions quantitated and stored at -20" 
until they were assayed for gastrin content. 

Samples of blood and tissue extracts were 
fractionated by gel chromatography on 
Sephadex G-50 superfine columns (1 X 100 
cm) using 0.02 M sodium barbital, pH 8.4, 
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containing 0.2 g/liter of sodium azide as the 
elution buffer. Each sample (1 ml) was ap- 
plied to the column with approximately 
1000 cpm of monoiodinated, I2>I-labeled G- 
17 and 2000 cpm of I3lI (to indicate salt 
peak). The flow rates of the columns were 
adjusted to 6 ml/hr with fraction volumes of 
1 ml. 

Calibration of the Sephadex columns was 
accomplished using pure human G-13, G- 
17, and G-34 g a ~ t r i n s . ~  In the situation 
where tissue samples were fractionated, 10 
pl of human serum albumin was added to 
the sample prior to chromatography to pro- 
vide a protein marker. 

Gastrin content was determined via ra- 
dioimmunoassay . Each tissue or  column 
eluate sample was assayed in duplicate and 
the data expressed in terms of synthetic hu- 
man gastrin 17-1 equivalents in picograms 
(pg) per milliliter. 

Briefly, the procedure for the radioimmu- 
noassay is as follows: One-hundred microli- 
ters of sample (at various dilutions) was in- 
cubated at 4" for 72 hr in a mixture con- 
sisting of 900 pl of Verona1 buffer (pH 
8.4), 800 pl of monoiodinated synthetic 
human gastrin 17-I5 in buffer (-2000 
cpm/tube), and 200 pl of antibody (Ab 
1296, 1 : 1,000,000 final dilution) specific 
for the C-terminal region of G-17 ( 5 ) .  

At the end of 72 hr free gastrin was ad- 
sorbed onto Amberlite IRP-58M resin and 
separated from the antibody-bound fraction 
by centrifugation and decantation. Both 
free and antibody-bound fractions were 
counted in a gamma scintillation counter 
and the results are expressed as B/F ratio. 
The sensitivity of this assay was found to be 

Results. All three species of Amphibia 
1 pg/ml. 
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tested contained measurable quantities of 
gastrin-like immunoreactivity (Table I). In 
both species of Rana studied, the highest 
tissue concentrations of gastrin immuno- 
reactivity were found in the antrum, fol- 
lowed by the duodenum and pancreas, in 
order of tissue content. Necturus, however, 
was found to have the largest concentration 
of gastrin immunoreactivity in the portion of 
intestine just distal to the pyloric sphincter, 
the area which would correspond to the 
duodenum in mammals. The antrum and 
pancreas, in decreasing order, were also 
found to contain assayable quantities of gas- 
trin. 

Figure 1 shows the elution profile of the 
three standard gastrins used to calibrate the 
Sephadex columns. Fractionation of serum 
from Rana catesbeiana (Fig. 2 )  produced 
two peaks of immunoreactivity correspond- 
ing to the void volume and the G-34 elution 
peak. The void volume peak may corre- 
spond to the “big big gastrin’’ (BBG) de- 
scribed in man (5) and was present in all 
frog sera chromatographed. 

Immunoreactive gastrin in antral mucosa 
from Rana catesbeiana (Fig. 3 )  was found to 
correspond primarily to G-34-1, with a small 
amount of immunoreactivity present as 

smaller fragments. Necturus , in addition to 
the G-34 peak, was found to possess gastrin 
immunoreactivity in smaller fragments, 
some of which corresponded to G-17 and G- 
13. 

Duodenal mucosa extracts from R. cates- 
beiana and Necturus yielded substantial gas- 
trin immunoreactivity in the eluted void vol- 
ume of the columns (Fig. 4). R. catesbeiana 
was found also to possess substantial gastrin 
immunoreactivity in the elution region cor- 
responding to G-34. Necturus, in addition to 
the void volume peak, was found to possess 
gastrin immunoreactivity which corre- 
sponded to G-34 and G- 17 elution volumes. 

Discussion. Considerable debate has oc- 
curred as to where the hormone gastrin first 
appears on the phylogenetic tree. Gastrin 
immunoreactivity or biological activity has 
been found in molluscan species (1), in elas- 
mobranchs ( 2 ) ,  and in mammals such as pig, 
dog, cat, rabbit, and man (6). 

The current study found gastrin immuno- 
reactivity to be present in the serum, an- 
trum, duodenum, and pancreas of each am- 
phibian species examined. Amphibians are 
monogastric and have a histologically dis- 
tinct antrum (7). The sequence of tissue 
gastrin content was found to be similar to 

TABLE I. THE TISSUE CONTENT OF IMMUNOREACTIVE GASTRIN ACTIVITY IN THREE SPECIES OF AMPHIBIA. 

Gastrin content (ng/g & SE) 
Number 
of Ani- Remain- 

Species mals Serum Antrum Duodenum Pancreas ing gut 

Rana catesbeiana 30 33.71 & 19.43 40.22 ? 13.3 5.22 & 1.36 0.62 t 0.12 0 
Rana pipiens 10 - 10.34 t 5.24 3.67 2 3.14 0.41 k 0.20 0 
Necturus 8 - 2.27 & 0.62 14.04 k 2.83 0.13 t 0.01 0 

The results are reported as nanograms of gastrin activity, expressed in synthetic human gastrin I equivalents, 
per gram wet tissue weight. 
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% Elution Volume From Protein to Salt Peaks 

FIG. 1 .  Elution profile of standard human gastrins after filtration on Sephadex G-50 (superfine). Percentage 
of elution volume is measured from protein peak (0%) to the salt peak (100%). 
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FIG. 2 .  Sephadex (3-50 (superfine) gel filtration of immunoreactive gastrin in the blood (serum) of R a m  
catesbeiana. 
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FIG. 3 .  Sephadex (3-50 (superfine) elution profile of antral mucosa extracts from R .  catesbeiana (top panel) 
and Necturus (lower panel). 

that previously described in the cat, dog and 
man; viz., the antrum contained the largest 
concentration of gastrin, followed by the 
duodenum and pancreas. Necturus, how- 
ever, was found to be an exception in that 
the duodenum was found to contain the 
largest tissue concentration of gastric activ- 
ity, followed by the antrum and then pan- 
creas. 

Sephadex-gel chromatography of the im- 
munoreactive gastrin in the blood and tis- 
sues of these amphibian species demon- 

strated molecular heterogeneity. Gastrin 
molecular heterogeneity has previously 
been demonstrated in both the plasma and 
tissues of mammals (8). 

In both the serum and duodenal extracts 
of R .  catesbeiana and Necturus, a considera- 
ble portion of the gastrin immunoreactivity 
was found to be present in the void volume 
of the Sephadex G-50 column. This compo- 
nent of gastrin immunoreactivity has been 
termed “big, big gastrin” (BBG) and has 
been identified in both serum and duodenal 
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FIG. 4. Sephadex G-50 (superfine) elution profile of immunoreactive components from duodenal mucosa 
extracts from K. catesbeiana (top) and Necturus (bottom). 

extracts of humans (9). The origin and bio- 
logical activity of this immunoreactive com- 
ponent are yet unknown. It has been shown 
in man (9) that the fraction of the gastrin 
immunoreactivity present in the BBG form 
increases as one goes distally down the gas- 
trointestinal tract, from being almost absent 
in the antrum to comprising a substantial 
portion of the gastrin immunoreactivity of 
the proximal jejunum. This same pattern 
was found to be present in Necturus and R.  
catesbeiana . 

The predominant gastrin immunoreactiv- 
ity in the sera and antral tissue extracts of R. 
catesbeiana was found in the elution vol- 
umes corresponding to "big gastrin ," the 
34-amino acid form of approximately 3900 
M W (1 0). The heptadecapeptide (G- 17) 
form of gastrin which has been found in man 
(10) could not be identified in R .  cates- 
beiana sera. 

found to comprise a significant portion of 
the antral gastrin immunoreactivity . Gastrin 
immunoreactivity corresponding to G-17 
could be demonstrated in the antral tissue 
extracts of Necturus, with an additional por- 
tion of the gastrin immunoreactivity being 
present in elution volumes corresponding to 
the G-13 molecular form and possibly 
smaller fragments, Only trace quantities of 
G-17 immunoreactivity could be located in 
Necturus duodenal extracts. 

The finding that gastrin immunoreactivity 
can be detected in Amphibia with an anti- 
body with COOH-terminal specificity indi- 
cates that a certain similarity in the structure 
or amino acid sequence exists between this 
portion of amphibian gastrins and those of 
mammalian species. In addition, the obser- 
vation that amphibian gastrins can be segre- 
gated into molecular species with molecular 
weights similar to those of mammalian gas- 

Gastrin immunoreactivity corresponding 
to the G-17 molecular form was identified in 
both antral and duodenal tissue extracts of 
R. catesbeiana. The G-17 component was 

trin; lends some support to the hypothesis 
that this hormone in both species probably 
evolved from a similar precursor. 

Gastrin has been found to be an effective 
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stimulus for gastric H+ secretion in the bull- 
frog (1 l) ,  and we presume that the endoge- 
nous gastrin activity we are describing 
serves as a physiological stimulus for H+ 
secretion in amphibia. 

Summary. Extracts of the digestive tracts 
of three amphibian species were examined 
by radioimmunoassay for gastrin-like mate- 
rials. Gastrin was detected in all three spe- 
cies of amphibia examined. In R. cates- 
beiana and R. pipiens the largest tissue con- 
centrations of gastrin were found in the an- 
trum, followed by the duodenum and pan- 
creas, respectively, in order of decreasing 
gastrin content. In the urodele Necturus the 
duodenum contained the highest tissue con- 
tent of gastrin followed by the antrum and 
then the pancreas. 

Molecular heterogeneity of gastrin was 
found in the sera of R. catesbeiana and in 
tissue extracts of R .  catesbeiana and Nectu- 
rus . 
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