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I. Introduction 

The alimentary tract as an endocrine organ manifests certain features 
which are unlike those of the other glands of internal secretion. No 
special cell groups have ever been identified as the source of the several 
autacoids whose existence has been established; yet the intestinal mucosa 
vies with the hypophysis in the number and diversity of physiologically 
active substances produced. These are essentially devoid of any sys-
temic action on the organism, affecting in general only the organs con-
cerned with digestion. Their elaboration into the blood stream is 
brought about by the ingestion of food, and can be artificially induced by 
the introduction into the alimentary canal of a variety of nonspecific 
agents. In general, they act promptly and their effects are relatively 
short-lived. 

The part played by the gastrointestinal hormones in vital processes is 
apparently that of regulation and coordination of the activities of the 
digestive glands, a role which they share with the autonomic nervous 
system. To what extent their actions can be dispensed with is a question 
which at present is entirely conjectural; since they are produced through-
out the entire length of the small intestine, the effects of extirpation can 
be obtained only by performing a complete enterectomy, a procedure 
which in itself engenders nutritional defects so severe as to eclipse any 
manifestations which might be referable to the loss of hormones. 

It is of interest that the first substance to be characterized as a hor-
mone was one of the group produced by the small intestine, and that the 
chemical make-up of none of them is at present known. In general, the 
concentration and separation of the various active principles have been 
beset with difficulties, both in regard to separation from extraneous sub-
stances and to an apparent inherent sensitivity to various procedures and 
chemical agents. This resistance to investigation is also manifested by 
the hormones of the anterior lobe of the hypophysis, and, as in the case 
of the hypophysis, the gastrointestinal hormones are proteins or nitro-
genous substances. Apparently this is characteristic of all endocrine 
tissues derived from ectoderm or endoderm, whereas the hormones pro-
duced by tissues of mesodermal origin are sterones. 
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In the detailed discussion which follows, the hormones of the alimen-
tary tract will be grouped according to their sites of elaboration, and con-
sidered individually regarding their discovery, action, concentration, and 
practical applications. 

II. The Upper Intestine 

Four active principles have been proven conclusively to be elaborated 
into the blood stream by the intestinal mucosa; five more have been 
postulated, but conclusive evidence for their existence is at present lack-
ing. Their concentration is the highest in the upper intestine, and it 
steadily decreases from the jejunum on downward. 

A . SECRETIN 

1. Demonstration 

The first indication that substances in the intestine were effective in 
stimulating the external secretion of the pancreas was obtained by Claude 
Bernard (14), who observed the increased secretion from a pancreatic 
fistula after feeding. He and subsequent investigators attributed this 
effect to a nervous reflex mechanism. The existence of a stimulus more 
specific than food was demonstrated in Pavlov's laboratory. Bekker 
(13) made comparative studies there of the effect of pure water, of aque-
ous solutions of alkaline salts, and of water saturated with carbon dioxide, 
and found that water was a weak stimulant, that weak alkali not only 
failed to stimulate but actually inhibited, and that the carbonic acid 
solution was a much more potent stimulator than water. Subsequently 
Dolinski (58) used hydrochloric instead of carbonic acid, and noted that 
in concentrations approximating that of the gastric juice it was a power-
fully effective excitant of pancreatic flow. Popielski (264) demonstrated 
that the action was not due to absorption of the dilute acid, since no 
secretion was obtained when acid was placed in the stomach or rectum, 
and excluded from entry into the small intestine, nor was any secretion 
obtained when dilute acid was injected intravenously. He also (265) 
excluded the possibility that long reflex arcs were operative, since the acid 
effect persisted following bilateral vagotomy, bilateral splanchnectomy, 
celiac ganglionectomy, and spinal cord transection, and he attributed the 
effect to a short reflex involving the scattered ganglia of the pancreas, 
located principally in the region of the duodenum. This interpretation 
was accepted and extended by Wertheimer and LePage (348), who noted 
that the response progressively diminished from the duodenum down-
ward in the intestine, and concluded that the nervous reflex was local in 
nature. Significantly, they also tested the effectiveness of atropine in 
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abolishing the secretory response, and observed that it did not do so. 
These intimations that factors other than a nervous reflex were operative 
were given added impetus by the experiments of Wertheimer and LePage 
(349), in which the pancreatic arterial supply of one dog was joined to the 
general circulation of another. When dilute acid was applied to the 
duodenum of the latter, the other dog's pancreas was activated. 

In this manner the foundation was laid for the momentous demon-
stration of Bayliss and Starling (11) that the agent involved in stimulat-
ing the pancreas was a specific substance present in the intestinal mucosa, 
delivered to the blood stream by the presence of acid, and thereby trans-
ported to the pancreas, where it exerted its secretory effect. They 
showed this to be the case on the basis of a series of experiments in which 
they excluded as completely as possible all reflex effects by sectioning all 
the mesenteric nerves to a loop of jejunum and obtaining a pancreatic 
secretory response after the perfusion of such a loop with acid, despite 
the denervation; and more convincingly by stripping off the mucosa from 
such a loop, macerating this with dilute hydrochloric acid, and injecting 
the neutralized and filtered extract intravenously. The result of their 
experiment has long been common knowledge. The extract thus admin-
istered stimulated an abundant flow of pancreatic juice, which they cor-
rectly ascribed to the presence of an agent named by them "secretin," 
and characterized as one of a group of substances designated by them as 
hormones. The specificity of this particular agent was substantiated by 
their finding that acid extracts of tissues other than the intestinal mucosa 
failed in effectiveness. 

The Bayliss and Starling discovery provided a tremendous stimulus to 
further studies. Additional evidence of the existence of a blood-borne 
agent was secured by Enriquez and Hallion (71), who transfused blood 
from a dog with an acid-instilled duodenum, by Fleig (88), who injected 
the venous drainage from the acid-instilled duodenum of a dog, and by 
Matsuo (234), who prepared dogs in carotid-to-jugular cross-circulation. 
All of these workers found that application of acid to the upper intestine 
of the donor dog resulted in a secretory response from the pancreas of the 
recipient. Nevertheless, general acceptance of the secretin theory did 
not obtain for a number of years. Popielski, the chief proponent of the 
nervous-reflex hypothesis which his own efforts did so much to discredit, 
believed that all of these phenomena could be accounted for along more 
conservative lines. He asserted (266-271) that the effect of acid in the 
denervated loop was still reflex, on the basis of mechanical influences 
acting on the remaining intact intestine and stomach, and that the effect 
of the intravenously injected extract was nonspecific and attributable to 
the presence of vasodilator substances present in all tissue extracts. At 
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the time, the latter argument was not without merit, since the Bayliss 
and Starling extract contained a large amount of vasodilator material. 
Popielski showed that extracts from various animal tissues, and also from 
plants, would cause the pancreas to secrete. The effects of blood trans-
fusion experiments he did not consider due to a specific agent, stating 
that under any circumstances the transfusion of blood from one dog to 
another induced a secretion of the recipient's pancreas not infrequently. 

The controversy was conclusively settled by subsequent decisive 
experiments, designed along two lines. The first of these was the elimi-
nation of all possible existing connections through the nervous system. 
This was accomplished by Ivy and Farrell (78,79,156-158), who prepared 
dogs with a subcutaneously transplanted portion of the pancreas which 
secreted after feeding or after application of acid to a Thiry loop; by 
Ivy, Farrell, and Lueth (165), who transplanted both a loop of jejunum 
and a portion of the pancreas, and obtained a secretory response to the 
acid stimulus applied to the transplanted loop; and by Houssay and 
Mollinelli (149), who anastomosed an isolated pancreas and duodenum to 
the vascular system of an intact dog and obtained a secretion of both 
pancreases in response to the presence of acid in the isolated duodenum. 
These experiments may be regarded as crucial in their demonstration of 
the exclusion of nervous-reflex influences. The second line of investiga-
tion to establish the secretin theory was to prepare concentrates free of 
vasodilators, and to isolate the active principle in a chemically pure form. 
The consummation of this, which will be treated in detail in the discussion 
of methods of concentration and isolation which follows, served to 
establish as a fact the existence of a hormone mechanism for pancreatic 
secretion, as well as the specificity of the site of its elaboration. Thus it 
was shown by Drewyer and Ivy (65) that vasodilatin-free extracts of 
various animal tissues were effective only when the tissue extracted was 
the small intestine (with the exception of the pyloric antrum of the 
stomach, which yielded a small amount). 

The steps in the logical proof of a hormone mechanism for the stimu-
lation of pancreatic secretion, as set forth by Bayliss and Starling, follow. 

(1) Acid placed in the upper intestine stimulates pancreatic secretion. 
(2) Acid injected intravenously does not do so. 
(3) The effect of acid instillation persists after denervation. 
(4) Stimulation is obtained in response to intravenous injection of 

an acid extract of the upper intestinal mucosa. 
The confirmatory evidence derived from subsequent work is based on 

the following findings: 
(5) Secretion is obtained from a transplanted pancreas following 

instillation of acid into a transplanted loop of intestine. 
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(6) Acid placed in the duodenum of one of a cross-circulated pair of 
dogs will stimulate the pancreases of both animals. 

(7) The hormone has been isolated in the form of a chemically pure 
crystalline substance. 

These lines of reasoning have served as the prototype in the process of 
demonstration of the existence of all the other proved gastrointestinal 
hormones. 

2. Occurrence 

Bayliss and Starling (11) extracted the upper intestine of a number of 
vertebrates, and were in all instances able to obtain secretin, with no 
evidence of species specificity. It has also been found present by Hallion 
and Lequeaux (134) in autopsy material from two newborn infants who 
had never ingested food, by Camus (28) in fetal guinea pigs and rabbits, 
and by Pringle (278) in fetal cats, indicating that the cells responsible for 
its formation develop with the intestine during intrauterine life. 

The fact that significant amounts of secretin are obtained only after 
acid extraction of the intestinal mucosa, and that its normal process of 
liberation into the blood stream is dependent on the presence of food or 
acid in the duodenum, led Bayliss and Starling to postulate that in the 
intestinal mucosa it exists as prosecretin, activated by acid to secretin, 
which is then absorbed. It was early shown, however, that acid in the 
intestine is not a specific stimulus. A variety of substances have been 
found effective, either when instilled in the gut or when employed as 
extracting agents. These include saline solution (Delezenne and 
Pozerski, 48), chloral hydrate (Fallois, 75), soap, alcohol (Fleig, 87), 
sugar, urea, glycerol (Frouin and Lalou, 104), dilute alkalis, and phosphate 
buffers (Mellanby and St. Huggett, 243). In addition, and most con-
vincingly, it was observed by Wertheimer and Boulet (347) that the juice 
pressed from intestinal mucosa without any pretreatment is effective 
when injected intravenously. Undoubtedly therefore the hormone is 
present as such in the cells of intestinal mucosa, and is merely rendered 
soluble and absorbable by acid or, to a lesser extent, by the other reagents 
mentioned above. 

3. Concentration and Isolation 

So numerous have been the attempts to obtain secretin in a chemi-
cally pure form that it is not expedient to enumerate them all. Hence the 
following discussion will be limited to those contributions representing 
distinct advances in the preparation of potent concentrates. The original 
Bayliss and Starling extract was prepared as indicated above, and sub-
sequent efforts were directed toward securing concentrates free of con-
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taminants, especially vasodilator substances. The procedure was modified 
by Wertheimer and LePage (349), who introduced dilute acid into the 
lumen of the intestine, removed it after an interval, and found the con-
centration of vasodilatin to be considerably reduced. Dale and Laidlaw 
(44) found the activity was precipitable from an acid extract of mucosa 
by the addition of mercuric chloride, could be eluted therefrom by pre-
cipitation of the mercury with a stream of hydrogen sulfide, and the 
activity separated from the resulting aqueous solution by concentration 
to a small volume and the addition of an excess of acetone. This product 
lent itself to further purification by conversion to an insoluble picrate, 
subsequently decomposed with acidified alcohol. Stepp (316,317) 
obtained a product which at the time was highly satisfactory by extract-
ing acetone-dehydrated mucosa with 70% alcohol, removal of impurities 
from the extract by raising the alcohol concentration to 95%, and pre-
cipitation of the activity with ether from the 95 % alcohol-soluble portion. 
Weaver, Luckhardt, and Koch (345) showed that the major portion of the 
vasodilator substances could be removed by making an extract according 
to the procedure of Wertheimer and LePage and saturating this with 
salt. The resulting flocculent precipitate was potent and of low 
toxicity. The importance of this contribution can hardly be over-
emphasized; it provided a process which was feasible for the prepara-
tion of large quantities of material, and a product which served as an 
excellent starting point for further treatment. Mellanby (238,239,241) 
obtained a potent concentrate by extraction of ground mucosa with 
absolute alcohol, conversion of the alcoholic to an aqueous extract by 
distillation with addition of water, and treatment with an aqueous solu-
tion of bile salt followed by weak acetic acid, which caused bile acids to 
be precipitated, in which process the secretin accompanied it in the 
adsorbed state. Elution of the activity was accomplished by dissolving 
the precipitate in alcohol and then adding acetone and ether. He found 
the product of this treatment to be considerably more potent than any 
concentrate previously characterized, and believed at the time that he had 
isolated the pure hormone. In this he erred, and his method was criti-
cized by Mortimer and Ivy (249) and by Still (318), who found it definitely 
less effective than was intimated. Takacs (324,326) reported obtaining 
a highly potent extract by ultrafiltration of the regenerated solution from 
a picric acid precipitate of mucosal extract. Hammarsten, Wilander, 
and Âgren (136) precipitated the activity from a Dale-and-Laidlaw 
extract by adding alcohol to a concentration of 95%, dissolving the 
resulting precipitate in a little water, and shaking with chloroform. The 
activity was found to be concentrated in the emulsion formed at the 
water-chloroform interface, which material was collected, dried, and 
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further concentrated by mixing with lecithin, in association with which 
it was soluble in absolute alcohol. The activity was precipitated from 
such a solution with an excess of acetone. 

In all of the investigations cited above, based principally on trial-and-
error procedures, only two really significant contributions can be desig-
nated. The first of these was the original Bayliss and Starling extraction ; 
the second, the extraction and salt precipitation procedures of Weaver, 
Luckhardt, and Koch. The third was supplied by Ivy, Kloster, Drewyer, 
and Lueth (160), who extracted this salt precipitate, designated by them 
as " Α-precipitate," with 70% alcohol, removed the alcohol by evapora-
tion, and precipitated the activity by the addition of trichloroacetic acid 
to a concentration of 5%. The resulting precipitate, collected and dried, 
designated as "SI," was highly potent and free of all vasodilator con-
taminants. In addition, it had the great advantage of being uniformly 
reproducible and thus served as a standard for comparison in the assay 
of unknown preparations, as well as a basis for experimentation on further 
purification. Still (318) found that the activity of such a concentrate 
could be enhanced by solution in 90% alcohol and precipitation of 
impurities with brucine and pyridine. This procedure was not recom-
mended by Cunningham (42), who found it inefficient and wasteful as 
compared to his own process of alcohol extraction of the trichloroacetic 
acid precipitate followed by acetone-ether precipitation and picric acid 
fractionation. 

The isolation of secretin in the form of a crystalline compound was 
accomplished independently by two groups of investigators. Ham-
marsten and collaborators (135) subjected a Dale-and-Laidlaw extract 
to further refinement with picric acid, and electrodialyzed the picrate-
free aqueous solution obtained by appropriate treatment, using a 
continuous flow of distilled water through the cathode compartment, and 
collecting the efflux in an aqueous suspension of salicylic acid. The 
resulting secretin salicylate was converted into a number of other salts, 
including the picrolonate, which, it transpired, was crystalline. Greengard 
and Ivy (123) fractionated SI by dissolving in acidified 80% acetone, 
and adding aniline to the point of complete precipitation. The super-
natant fluid was found to contain the secretin; it was freed from acetone 
and aniline by vacuum distillation, evaporated to dryness, the residue 
suspended in methyl alcohol, the suspension separated from any insoluble 
material, and the activity precipitated with an excess of ether. The 
product, about five times as potent as SI, was dissolved in water, the 
solution extracted with η-butyl alcohol, the dissolved butyl alcohol 
removed by vacuum distillation, and picrolonic acid added to the point 
of complete precipitation. The resulting insoluble picrolonate was found 
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to be crystalline and, like the Hammarsten product, recrystallizable by 
solution in pyridine, filtration, and precipitation with an excess of ether. 
From the crystalline picrolonate any other salt could be prepared by 
suspending it in water, adding the appropriate acid, and extracting with 
ether. The free base was prepared by decomposition of the picrolonate 
with dilute sulfuric acid, removal of picrolonic acid, and exact neutraliza-
tion with barium hydroxide. None of these compounds was obtainable 
in crystalline form. Doubilet (59) obtained confirmation of the purity 
and potency of secretin picrolonate prepared by this method. 

4. Biological Assay 

Most early workers determined the biological activity of their secretin 
concentrates by the logical procedure of observing the acceleration in rate 
of flow of juice from a cannula inserted in the pancreatic duct. The 
importance of securing more nearly quantitative data and of excluding 
the possibility of variations in individual animals was recognized by 
Carlson (30), who recommended having at hand a standard preparation 
of known potency for purposes of comparison. A unit for potency was 
assigned by Ivy, Kloster, Lueth, and Drewyer (161), who introduced the 
term "threshold dose" to designate that amount of secretin which caused 
an increase in pancreatic flow of 10 drops (0.4 ml.) in a 10-minute period 
over that occurring in a control 10-minute period. The procedure of 
assay as employed by Greengard and Ivy (123) consisted of determining 
the response to a standard SI preparation, the threshold dose of which is 
about 0.25 mg. in most dogs, and ascertaining that quantity of unknown 
which elicited the same quantity of secretion as a given weight of stand-
ard. The threshold dose of the unknown may then be determined by 
calculating the ratio of the weight of the unknown to that of the standard 
and multiplying by 0.25. A record of the blood pressure of the animal 
is essential for the validity of an assay, to exclude the complicating factor 
of the possible presence of vasodilator material. The Hammarsten 
group (352) employed a procedure in which a piece of rolled-up filter 
paper was placed in the exposed and opened duodenum of a urethanized 
cat, on which mixed secretions were collected and the alkalinity was 
titrated. The number of "units" in the preparation injected was 
expressed as the number of tenths of a ml. of 0.1 M acid required to neu-
tralize it to methyl red. Naturally, pancreatic juice does not represent 
the sole contributor to the alkalinity of such samples, but there exist more 
fundamental defects which will become apparent in the discussion which 
follows. Determinations of the relative magnitude of the Ivy unit and 
the Hammarsten unit were made by Greengard and Ivy (123), who per-
formed the titrations on cat pancreatic juice obtained by direct cannula-
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tion of the duct. They found one Ivy threshold dose to be equivalent 
to about twenty Hammarsten cat units. 

5. Properties 

a. Physical Properties. The less highly purified secretin concentrates 
are in the form of an amorphous powder, more or less discolored, sparingly 
soluble in water, insoluble in organic solvents, and with an enhanced 
solubility in dilute acid or alkali. Protein-free concentrates are freely 
soluble in water. The active principle was shown to be dialyzable by the 
ultrafiltration procedure of Takacs (326) and the electrodialysis studies 
of Hammarsten (135). Secretin is readily adsorbed to a great variety of 

F I G . 1.—Secretin picrolonate, recrystallized from pyridine. (From Greengard and 

Ivy, 123.) 

insoluble substances. Such adsorbates are very stable, and elution is in 
general effected only by decomposition or solution of the adsorbing agent. 

The crystalline secretin picrolonate obtained by Hammarsten had the 
appearance of yellow needles after pyridine-ether recrystallization. An 
amorphous phosphate obtained from this compound manifested a mole-
cular weight of about 5000 according to the ultracentrifuge method. 
The Greengard and Ivy picrolonate presented the microscopical appear-
ance of clusters of yellow needles (Fig. 1), melting with decomposition at 
234°-235°C. The molecular weight of this material is believed to be of a 
relatively low order ; presumptively this is evidenced by the ready diffusi-
bility of the material, and more positively by preliminary data of actual 
determinations made by the freezing point and diffusion constant 
technique. 
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b. Chemical Properties. Descriptions and analytical data on impure 
preparations may be entirely discounted, since they serve only to charac-
terize the impurities present in much larger amounts than the active 
principle. The compound is undoubtedly basic, since it is so readily 
amenable to acid extraction from its source, since it migrates to the 
cathode compartment on electrodialysis, and since it readily forms 
insoluble salts with picric acid and phosphotungstic acid. It is a very 
unstable compound in solution, particularly at a pH greater than 3.0, and 
the decomposition is accelerated as the alkalinity is increased. In solu-
tion it is also thermolabile; in acid solution it will withstand boiling for a 
few minutes, but in a neutral or alkaline medium it deteriorates rapidly, 
and autoclaving at higher temperatures engenders prompt inactivation. 
Âgren (2) stated that the alkali inactivation was attended by only minor 
alterations in the structure of the molecule, since there were no changes 
in the optical activity or absorption spectrum of the solution. He also 
found it to be inactivated by ultraviolet light and by hydrogen peroxide, 
which agencies completely altered the physicochemical properties of the 
solution. Slow inactivation results from treatment with strong ethyl 
alcohol, especially on heating (161). 

A number of color tests have been applied to secretin preparations. 
The impure concentrates in general give all the reactions characteristic 
of proteins. This is consistent with the expectation that the contami-
nants are largely protein in nature, but has contributed largely to the 
erroneous conclusion that secretin itself is a protein. Both Ivy (161) 
and Still (318) noted the disappearance of all color tests except the biuret 
reaction after trichloroacetic acid purification. Greengard and Ivy 
described the biuret reaction as bright blue for the secretin base, evidence 
of a basic molecule of a relatively low order of complexity. Hammarsten 
applied the Harden and Norris (138) diacetyl reaction to secretin obtained 
from his crystalline picrolonate, and described it as strongly positive, 
indicating the prominence of a guanidine linkage. The molecule itself 
he considered to be in the nature of a polypeptide, on the basis of the 
isolation of free amino acids on hydrolysis. 

c. Composition of Pure Secretin. Secretin phosphate prepared from 
Hammarsten's crystalline picrolonate was subjected to elementary 
analysis and found to contain 46% carbon, 6% hydrogen, 12% nitrogen, 
and 0.7% sulfur. Qualitative tests for the latter element revealed that 
it was absent in the Greengard-Ivy picrolonate. Ultimate analysis of 
this salt showed a content of 52% carbon, 4.5% hydrogen, 20% nitrogen, 
and, by difference, 23.5% oxygen; these values are consistent with an 
empirical formula C 3H 3ON. The Hammarsten product liberated about 
7% of its nitrogen on treatment with nitrous acid, indicating the presence 
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of free amino groups. Such a structure was found absent from the 
Greengard-Ivy product on the basis of its failure to react with acetyl 
chloride or methyl magnesium iodide in ether solution, which also ruled 
out the possible presence of any reactive hydrogen atom. Hammarsten 
concluded on the basis of the apparent high molecular weight of their 
material that picrolonic acid made up only a small proportion of 
their picrolonate. Greengard and Ivy isolated the picrolonic acid from 
their picrolonate and found it to make up about 80% of the compound. 
In support of this finding, they noted that the free base isolated from the 
picrolonate was about five times as potent on a weight-for-weight basis. 

The differences above cited are a clear indication of dissimilarity in 
the two picrolonates, that of the one group a complex compound, that of 
the other a relatively simple one. It appears logical that the Hammar-
sten group isolated a crystalline secretin-protein complex, whereas 
Greengard and Ivy obtained secretin itself, the two bearing a relationship 
to each other analogous to that of thyroglobulin to thyroxin. In support 
of such a conception is the finding of Agren and Hammarsten (4) that 
digestion by aminopolypeptidase of secretin liberated from their crystal-
line picrolonate resulted in the liberation of ten amino acids, with no 
loss in secretin activity. They considered these amino acids to constitute 
a portion of the secretin molecules, a statement which is unwarrantable. 

Crystalline secretin picrolonate was found by Greengard, Wolfrom, 
and Ness (130) to be a definitely and uniformly crystalline compound 
on the basis of x-ray diffraction patterns and microscopic examination. 
It Avas split by extraction with warm nitroethane into soluble and insolu-
ble fractions. The former separated on cooling the nitroethane; the 
resulting crystals were found to be inert with respect to secretin activity, 
and were subsequently chemically identified as aniline picrolonate in the 
case of material not subjected to pyridine-ether recrystallization, and 
as pyridine picrolonate after such a recrystallization procedure had been 
applied. The nitroethane-insoluble fraction was an amorphous picro-
lonate containing all the secretin activity and not crystallizable except 
by re-treatment with aniline or pyridine. The x-ray diffraction patterns 
of the secretin picrolonate studied were found to depend upon the solvent 
employed. Thus, in the case of material not recrystallized from pyridine, 
the diffraction pattern was identical with that of aniline picrolonate; 
after recrystallization, it was identical with secretin picrolonate; and the 
biologically active nitroethane-insoluble residue yielded only the pattern 
of the polystyrene capillary tube used as a container. Thus, the active 
crystalline picrolonates were demonstrated to exist in the form of mixed 
crystals; an aniline-secretin-picrolonate or a pyridine-secretin-picrolonate 
complex, depending on whether or not the material had been recrystal-
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lized from pyridine. It is of interest to note that the only successful 
efforts to crystallize secretin have involved the use of aniline or pyridine; 
the latter solvent was the one employed by Hammarsten. 

d. Physiological Effects. The outstanding action of secretin is a 
stimulation of the flow of pancreatic juice, which is due undoubtedly 
to a direct effect on the acinar cells, as attested by the persistence of its 
action after denervation and transplantation. An increase in the 
metabolic activity of the gland occurring during its action was demon-
strated by Gerard and Still (107), who found a 20-50% increase in the 
respiratory rate of isolated pancreas from a rat after treatment with a 
very small quantity of the hormone, not observed when any other tissue 
(with the possible exception of liver) was tested; and by Kiyohira (180), 
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who noted the oxygen uptake of pancreatic tissue in a Warburg apparatus 
was increased 6-18% by secretin, whereas other tissues tested were 
unaffected. 

The concentration-action curve of secretin was determined by Green-
gard, Stein, and Ivy (126) using doses ranging from subminimal to super-
maximal, and plotting the volume response against dosage. An S-shaped 
curve was obtained (Fig. 2). This is in contradistinction to a report by 
Lagerlof (206), who found that in human subjects with a duodenal tube 
in place the volume response was in strikingly direct proportion to the 
dosage. He may have used doses covering only a small limb of the total 
curve. The former investigators also found that when secretin was 
injected at a constant rate in definite amounts, an injection rate corre-
sponding to 0.0007 mg. of secretin base per minute was the minimum 
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effective dose, whereas twenty times this quantity was required to 
stimulate the gland at its maximum rate. Thus, assuming that when 
secretin is injected at a constant rate in submaximal doses a state of 
equilibrium is attained so that it is removed from the circulation as 
rapidly as injected, it follows that the quantities specified must be present 
in the circulation in order to excite the pancreas minimally and maxi-
mally. Such an assumption is entirely in keeping with the fact that the 
gland attains a constant rate of secretion for any continuous dosage of 
secretin less than supramaximal. 

The effect of secretin on the composition of pancreatic juice has been 
shown by many investigators to be the production of a secretion low in 
enzymes (68,236,248,281,319,357) especially in contradistinction to the 
enzyme concentration following vagus activation. Mellanby (240) was 
sufficiently impressed by such findings so that he believed secretin to 
control only the fluid and alkali output of the pancreas, whereas the 
vagus regulated the enzyme production. It is now known that such a 
concept was entirely erroneous and that a hormonal as well as a nervous 
factor acts to stimulate the elaboration of the pancreatic enzymes. Even 
in the case of pure secretin, an enzyme-free secretion has never been 
recorded to be elicited. The ratio of enzyme concentration to volume 
output has been noted to vary inversely with the rate of secretion. 
Greengard, Dutton, and Ivy (118) observed that at the height of the 
secretin effect the enzyme concentration was minimal. 

As a result of numerous experiments, most of them unrecorded, it has 
been established that the pancreatic response to secretin is inexhaustible, 
and that a pancreas will manifest an undiminished response after hours 
of repeated injections, providing the animal remains in good condition. 
Artificially raising the body temperature of a dog was shown by Osborne 
and Greengard (258) to increase the response to secretin, whereas lower-
ing the temperature had the converse effect. 

Several effects other than the pancreatic have been attributed to 
secretin, but nearly all of these have been shown by more recent work 
either not to exist or to be due to principles other than secretin, present in 
the cruder extracts. One such action, however, has been shown to be 
manifested by the crystalline material, and is therefore truly a secretin 
effect, namely, its action on the liver to stimulate bile formation. The 
demonstration of this actually antedated that of the pancreatic effect. 
Rutherford (289) first observed that acid instillation in the duodenum 
produced an increase in bile flow, a finding the significance of which was 
overlooked until Bayliss and Starling (11) obtained a similar effect from 
the intravenous injection of extracts of intestinal mucosa. Confirmatory 
evidence has been obtained by a number of workers (47,62,101,146,255, 
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259). Exclusion of vascular influence was obtained by Lueth and Kloster 
(229), who used a dilatinfree secretin, and Fleig (89) obtained a cholegogue 
response to a transfusion of blood from the venous drainage of an acid-
instilled intestinal loop. Mellanby (240) considered that the cholegogue 
effect was due to the entry of pancreatic juice into the intestine. Still 
(318) and Still, McBean, and Reis (320), however, noted a cholegogue 
effect to be manifested by depancreatized as well as normal dogs. The 
possibility of absorption of any humoral agent from the alimentary tract 
was entirely ruled out by the experiments of Tanturi, Ivy, and Greengard 
(329), who injected purified secretin into dogs and cats from which all 
abdominal viscera had been extirpated except the liver and bile passages, 
and found the cholegogue response to persist. 

6. Metabolism 

The interdigestive phase of pancreatic secretion is very slight, as 
demonstrated by Crittenden and Ivy (39), and after the ingestion of a 
meal the activity of the gland subsides rapidly as the upper intestine 
empties. When a single injection of secretin is given, the duration of 
action depends on the quantity administered, but is never prolonged 
beyond-a half hour or so. It is thus apparent that secretin disappears 
quite promptly from the circulation. The mechanism of such disappear-
ance was studied by Greengard, Stein, and Ivy (127), who found the 
hormone to be quite rapidly inactivated on incubation with blood. The 
rate of inactivation was found to depend on the temperature of incuba-
tion, the optimum being 37°C, on the pH, the effective range of which 
was 3.5-8.5, with an optimum of 7.4, and on the concentration. The 
inactivating factor was present in plasma or serum, and absent from 
saline-washed cells, and it was rendered ineffective by heating to above 
60°C. It was concluded on the basis of these findings that a factor is 
present in blood serum which destroys secretin, and which from its 
behavior is presumably an enzyme, designated "seeretinase." Further 
confirmation of the enzymic nature of the agent was supplied by Doubilet 
(59), who found the potency of injected secretin to be enhanced by pre-
treatment of the animal with vitamin K, and the in vitro destruction of 
secretin by serum to be effectively inhibited by the addition of vitamin 
Κ to the mixture. Such findings are readily explained on the basis of an 
enzyme-inhibitory action. The existence of such a factor in the urine 
has also been noted (128). Its presence in the blood provides a satis-
factory explanation for the gradual cessation of pancreatic secretion 
following stimulation by exogenous or endogenous secretin, as well 
as the failure ever to demonstrate any secretin activity in the urine. 
Obviously, the blood is not the only source of secretinase. It has long 
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been known that secretin is ineffective when taken orally (30) ; it has been 
found by Doubilet and Ivy (60) to stimulate when given rectally, and is 
also effective on intramuscular or subcutaneous injection. In both 
instances the latent period is longer and a far higher dosage is necessary 
for an effect to be manifested. Its ineffectiveness on oral administration 
has always been attributed to the fact that the hypothetical protein 
molecule was destroyed by peptic and tryptic digestion. Greengard, 
Stein, and Ivy (127), however, observed no destruction of either crude 
or purified secretin by crystalline pepsin, trypsin, or chymotrypsin. It is 
probable that the agent which destroys orally administered secretin is 
secretinase in the stomach and intestine, which was also present in the 
pepsin and trypsin preparations used by the earlier investigators, while 
the much larger quantity required for effectiveness on subcutaneous or 
intramuscular injection may be on the basis of destruction of most of the 
hormone before it gains access to the pancreas. In this connection it 
should be mentioned that even when secretin is given intravenously, much 
of it probably never reaches the pancreas intact. The minimal effective 
dose required to stimulate when injected directly into the arterial supply 
of the pancreas has never been ascertained. 

7. Clinical Applications 

The attainment of a nontoxic secretin preparation free from side 
actions has long been sought, with a view to employing it as a diagnostic 
tool for evaluation of the functional state of the pancreas. It has been 
injected intravenously into normal human subjects (5,34,342) with a 
duodenal tube in place, and in adequate doses under such conditions has 
abundantly increased the flow of duodenal contents from the tube, and 
the total output of pancreatic enzymes contained therein. A number of 
investigations (33,36,37,53,54,55,206) have since demonstrated these 
responses to be diminished in the presence of pancreatic injury or disease, 
and on this basis it has been found possible to differentiate steatorrhea 
due to digestive deficiency, as in pancreatic achylia, from that produced 
by absorptive failure, such as occurs in sprue or celiac disease (17,260). 
In the presence of obstruction of the pancreatic ducts it is stated to pro-
duce an increase in serum lipase, not noted in either an intact or an 
atrophied gland (275). A test based on the production of a functional 
obstruction to the ducts produced by the spasmogenic action of mor-
phinization prior to the injection of secretin has been devised by Lagerlof 
(207); and Friedman and Snape (102) believe measurements of the 
enzyme production by the gland in response to combined secretin-insulin 
injections to be a more reliable index of pancreatic deficiency than 
repression of volume output alone. 
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8. Summary 

Secretin is the hormonal agent stimulating the external secretion of 
the pancreas, particularly its inorganic constituency. Its existence has 
been established by a series of appropriate experiments, including trans-
plantation studies and isolation in the crystalline state. The recrystal-
lized picrolonate has been found to have the empirical formula C 3H 3ON; 
the structure is as yet undetermined, but it is apparently free of reactive 
hydrogen atoms. Pure secretin stimulates the secretion of the liver as 
well as of the pancreas. The action on the pancreas is not long main-
tained, apparently due to destruction of the secretin by an enzyme present 
in the blood and tissues, designated as "secretinase." Pure secretin, or 
highly purified concentrates, have been injected in the human for the 
purpose of determining the integrity of pancreatic function. By this 
means certain differential diagnoses are feasible. 

B. PANCREOZYMIN 

1. Demonstration 

In the foregoing discussion it has been noted that secretin administra-
tion evokes the secretion of an enzyme-poor pancreatic secretion. In 
most early reports crucial data have been lacking, principally because of 
the inadequacy of methods for the quantitative determination of enzymes, 
and a few investigators have reported an increased enzyme concentration 
after secretin (34,206). The proposal of Mellanby that the enzyme out-
put of the pancreas is entirely under vagal control was refuted by Harper 
and Vass (140), who noted an increase in the enzyme content of pancreatic 
secretion when food or water entered the duodenum from the stomach, 
which was unaffected by complete extrinsic denervation of the small 
intestine. Evidence that the enzyme content of pancreatic juice elicited 
by secretin depended on the method of preparation of the secretin con-
centrate was obtained by Braga and Campos (22). Friedman and 
Thomas (103) noted that instillation of peptone in the duodenum elicited 
the flow of pancreatic juice of higher enzyme content than when dilute 
acid instillation or secretin injection served as the stimulant of flow. 

An explanation of the discordant results of previous workers was 
obtained by the discovery of Harper and Raper (139) that a secretin 
concentrate prepared by a modification of Mellanby's method could be 
separated into two factors: one of these was secretin, and the other a 
previously uncharacterized agent which had no effect on the volume 
output of the pancreas, but operated to increase the amylase concentra-
tion of the juice while secretin stimulation was acting, and which they 
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called "pancreozymin." The hormonal nature of the agent was indi-
cated by the fact that its effect was still manifested after vagotomy or 
atropinization, and it had earlier been shown by Farrell and Ivy (78) that 
an autotransplanted pancreas manifests an augmentation of both fluid 
and enzyme production after a meal. Thus enzyme production is estab-
lished to occur in the absence of all extrinsic innervation of the pancreas. 
Confirmatory evidence of the existence of pancreozymin was obtained 
(119) by a re-examination of the various fractions separated in the 
purification of secretin by the process of Greengard and Ivy. It was 
noted that their SI preparation produced a secretion of much higher 
enzyme content than did purified secretin, and that the enzyme-stimulat-
ing factor was in the fraction precipitated by aniline. All three of the 
chief pancreatic enzymes were elaborated in increased concentration, as 
was expected. 

2. Concentration 

Two methods have been described for the preparation of a pancreozy-
min concentrate. Harper and Raper extracted scraped intestinal mucosa 
with absolute alcohol, removed the alcohol by vacuum distillation, pre-
cipitated the secretin by the addition of bile salts and acetic acid, and 
saturated the filtrate from this treatment with salt. The resulting 
precipitate was extracted with absolute alcohol; the extract, evaporated 
to dryness, contained the pancreozymin activity. Greengard and Ivy 
(124) noted that the precipitate obtained by treatment of SI in 80% 
acetone solution with aniline served as a potent source of pancreozymin. 
From this precipitate traces of secretin, as well as other contaminants, 
could be removed by extraction with acidified methyl alcohol. 

3. Occurrence 

Pancreozymin was found by Harper and Raper to have a source and 
distribution in the body identical with secretin. None was obtainable 
in extracts of tissues other than the intestinal mucosa. 

4. Method of Assay 

Harper and Raper determined the activity of their concentrates by 
collecting from the cannulated pancreatic duct of anesthetized cats the 
enzyme-poor secretion elicited by injection at 12-minute intervals of 
pancreozymin-free secretin. When the rate of secretion and amylase out-
put became constant, injections of the pancreozymin concentrate were 
made at intervals, and the magnitude of increase of enzyme output was 
ascertained. Greengard and Ivy (124) devised a method based on the 
finding that at the height of secretin stimulation the enzyme content of 
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pancreatic juice is extremely low. Dogs were given injections of purified 
secretin at 10-minute intervals; the secretion obtained in response to the 
first few of these was discarded, as they served for the washing-out of 
preformed enzymes, and subsequent samples were fractionated into 
3-minute collections, the enzyme contents of which were determined. 
The injections of pure secretin elicited a secretion considerably poorer in 
enzymes in the second 3-minute period than in the first, but its activity 
was increased by administering pancreozymin prior to its collection. 
A unit of pancreozymin was defined as that amount which increased the 
enzyme content of the second 3-minute sample to the level of the first. 
Comparison of the Harper-Raper and Greengard-Ivy products by this 
method revealed them to be of approximately equal potency. 

5. Properties 

Concentrates have been found to be water soluble, and insoluble in 
organic solvents. In the dry form the activity has not been shown to 
deteriorate but it does do so in solution, and, like secretin, is much more 
sensitive to alkali than acid. Solutions may be boiled for up to 15 
minutes without a decrease in potency. Harper and Raper found their 
product to be resistant to peptic digestion (U.S.P. pepsin) but destroyed 
by enterokinase-activated pancreatic juice. Their material was slowly 
diffusible through a cellophane membrane. Harper and Mackay (141), 
employing biopsy studies, observed that the zymogen granule content of 
the pancreatic acinar cells was unaffected by secretin injection, and 
diminished but never exhausted by vagus stimulation or the injection 
of pancreozymin. 

6. Metabolism 

Evidence has been obtained (119) which indicates that pancreozymin, 
like secretin, undergoes enzymic inactivation in the blood and tissues. 

7. Clinical Applications 

The discovery of pancreozymin is at present too recent for the evolu-
tion of any complete studies on its applicability. Preliminary trials 
(125) indicate that its administration in the dog increases the concen-
tration of serum enzymes to some extent in the presence of an intact 
pancreas. 

8. Summary 

Pancreozymin has been demonstrated to exist as a hormone entirely 
distinct from secretin, liberated from the same source and by the same 
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type of Stimulus, and acting on the same end organ. Its effect is to 
stimulate the production of enzymes by the pancreas. 

C . CHOLECYSTOKININ 

1. Demonstration 

It was first recorded by Okada (255) that an increased tone of the 
gall bladder resulted from the ingestion of a meal, or from the application 
of dilute acid to the intestinal mucosa. Subsequently Braga and Campos 
(22) injected crude secretin preparations, and noted an expulsion of bile 
from the gall bladder, but there was no indication that this effect did not 
result from vasodilation, with pressure exerted mechanically on the viscus 
from the engorged liver. Shortly thereafter a number of clinical investi-
gators produced radiological evidence of the evacuation of the human 
gall bladder promptly after the ingestion of a meal (21,25,38,147). The 
crucial experiments demonstrating the existence of a humoral mechanism 
controlling gall bladder evacuation were performed by Ivy and collabo-
rators (151,161,162,163,164), who showed that vasodilatin-free secretin 
concentrates, when injected intravenously, stimulated the musculature 
of the gall bladder to contract. They correctly attributed this effect to a 
hormone distinct from secretin, which they called "cholecystokinin," 
and conclusively proved its existence by appropriate cross-circulation and 
transplantation experiments. 

The proof of the existence of cholecystokinin is based on the following 
evidence : 

(1) An appropriate stimulus applied to the upper intestine, such as 
dilute acid, fat, or a meal, will cause the gall bladder to contract. 

(2) These substances, as well as various digestive products, cause no 
contraction of the gall bladder when injected intravenously (343). 

(3) Acid instillation of a denervated loop of intestine will cause a 
contraction in the autotransplanted gall bladder. 

(4) Extracts of the intestinal mucosa cause a contraction of the gall 
bladder when injected intravenously. 

2. Occurrence 

Cholecystokinin is obtained from the same source as secretin and 
pancreozymin: no other has ever been demonstrated. It is of interest 
that certain species of animals possess no gall bladder, and that in the 
case of one of these, the horse, Drewyer and Ivy (61) extracted the 
intestinal mucosa, tested the purified extract for cholecystokinin activity, 
and found only traces present. From such an observation it might 
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be generalized that animals lacking a gall bladder produce but little of the 
hormone which stimulates it. It was found present in the human and 
rabbit intestine (66). 

3. Concentration 

Cholecystokinin \vas found by Ivy and collaborators (228) to accom-
pany secretin in its purification. The SI concentrate contains both 
secretin and cholecystokinin. From such trichloroacetic acid precipitates 
it was found possible to extract most of the secretin activity with 95% 
alcohol, leaving an alcohol-insoluble residue containing little secretin, 
at the expense of the inactivation of appreciable amounts of cholecysto-
kinin. In the procedure for the isolation of crystalline secretin, Green-
gard and Ivy (123) and Doubilet (59) noted that the cholecystokinin was 
present in the butyl alcohol extract of the filtrate from aniline precipita-
tion. Âgren (3) prepared a concentrate by a procedure quite similar to 
the SI method, and reported the activity to be concentrated in the elec-
trodialyzate. The hormone has not yet been isolated in the chemically 
pure form, and it is not yet established that any of the concentrates are 
biologically pure. 

4. Properties 

Cholecystokinin manifests the same characteristics of thermolability, 
degradation in solution, and sensitivity to alkali as have been noted for 
secretin and pancreozymin. Likewise, it is dialyzable. Its character-
istic biological effect is the production of a contraction and evacuation of 
the gall bladder, and this has been followed radiologically in the rabbit 
by Walsh (344) and in the human by Ivy, Drewyer, and Orndoff (154). 
As in the case of secretin, the effect is most pronounced by far when it is 
given by the intravenous route; it is not active by mouth, but has been 
shown by Doubilet and Ivy (61) to be absorbed and effective when given 
rectally. When added to a bath of oxygenated saline containing sus-
pended strips of gall bladder (Mellanby, 242) or an isolated guinea pig 
gall bladder (Jung and Greengard, 169) a contraction of the isolated 
gall bladder tissue was obtained. The latter workers found that the 
response was unattenuated by addition of atropine, which agency com-
pletely abolished the response to acetylcholine. Sandblom, Voegtlin, 
and Ivy (292) noted that cholecystokinin caused a relaxation of the 
sphincter of Oddi, together with an increased duodenal motility as 
registered by a balloon. Whether the sphincter relaxation is due to a 
direct effect of the hormone or to a reflex from the contracting gall bladder 
is as yet undetermined, nor is it known whether the effect on the intestine 
is attributable directly to it. 
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5. Biological Assay 

The most reliable procedure for the determination of eholeeystokmin 
potency is that devised by Ivy and Oldberg (164), which consists of 
exposing the gall bladder in its bed, clamping or ligating the cystic duct 
while excluding the cystic artery, and securing in the dome of the gall 
bladder a metal trocar about 6-7 mm. in width, which is connected to a 
sensitive recording tambour. On such a preparation the increases in 
tension within the gall bladder produced by cholecystokinin injections 

F I G . 3.—Progressive inactivation of secretin and cholecystokinin during incubation 

of SI with dog serum. (From Greengard et al., 129.) 

are measured, and the unit is defined as that amount which will produce 
a rise equivalent to 1 ml. of bile in the absence of vasodilation. This 
effect is brought about in most dogs by the administration of 0.3-0.5 mg. 
of SI. Assays have also been performed on the isolated gall bladder in 
vitro. By such a procedure Âgren (3) noted a contraction on the addi-
tion to the bath of 0.4 mg. of his best preparation, and Doubilet and 
Ivy (60) with 0.1 mg. of SI. 

6. Metabolism 

By the same process whereby the existence of secretinase was estab-
lished, Greengard, Stein, and Ivy (129) noted that blood serum contains 
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a principle which inactivates cholecystokinin, and which manifests the 
behavior typical of an enzyme with regard to pH and temperature effects 
and thermolability. The presence of such an agent may be the factor 
responsible for allowing relaxation and filling of the gall bladder in the 
intervals between meals. A typical record of the inactivation of secretin 
and cholecystokinin by serum for various periods of incubation is depicted 
in Fig. 3. 

7. Clinical Applications 

As indicated above, intravenously injected cholecystokinin produces 
a contraction of the human gall bladder which can be followed radiol-
ogically (154). Presumably the material would serve as an instrument 
for nonsurgical drainage of the gall bladder, and as an adjunct to the 
Graham-Cole test in determining the ability of the viscus to evacuate. 
It is no more potent in so doing than is a Boyden meal of egg yolks and 
cream, nor is its action appreciably more prompt. However, when a 
concentrate of sufficient purity is available in adequate amounts for 
clinical use, it is not unlikely that a dosage effective in normal individuals 
can be established to serve as a standard for comparison with the amount 
required by a diseased gall bladder. In this connection, numerous assays 
on dogs have shown a healthy gall bladder to be much more sensitive 
to cholecystokinin than an inflamed or fibrotic one. 

D. ENTEROGASTRONE 

1. Demonstration 

It was first shown by Ewald and Boas (74) that the addition of olive 
oil to a meal of starch paste would inhibit gastric secretion and delay 
gastric evacuation in the human subject. Shortly thereafter, Pavlov 
and his collaborators launched a series of investigations which corrobo-
rated and extensively amplified the evidence thus obtained. Khizhin 
(175) noted that meals high in fat elicited a meager gastric secretory 
response, and that the normal marked secretion elicited by a meat meal 
was diminished by the addition of fat. Lobosov (222) observed a 
decrease in enzyme content of the juice as well as volume output, and 
Wirschubski (355) confirmed the inhibition of gastric motility. He also 
showed the inhibition to be followed by a secondary excitation. Kasan-
ski (170) found olive oil to inhibit the hypersecretion produced by per-
fusion of the stomach with warm saline. 

Up to this time it was assumed that a local effect of fat on the stomach 
constituted the inhibitory agency. This was disproved by Lintvarev 
(221), who demonstrated inhibition of gastric motility and closure of the 
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pylorus following introduction of olive oil in the duodenum, which he 
attributed to a duodenogastric reflex. Subsequently Sokolov (311) 
proved conclusively that inhibition was obtainable only after the duo-
denum was exposed to the action of the fat, which he did by preparing 
dogs with a Pavlov pouch and with fistulas of the main stomach and 
duodenum which he could connect or disconnect at will. In such 
animals there was no inhibition of secretion from the pouch when fat 
was placed in the main stomach. It occurred only when fat was placed 
in the duodenum, and he believed the inhibitory nervous reflex to origi-
nate there. His studies were repeated and confirmed by Lonnqvist (226). 
Orbeli (257) compared the fat inhibition in a Pavlov pouch before and 
after vagal denervation, and found it to be less in the latter case, which 
he interpreted as support of the conception of a nervous reflex mechanism, 
with the vagus nerve constituting the efferent limb of the reflex arc. 
That the duodenum was also the region responsible for the secondary 
stimulation after the ingestion of fat was shown by Piontkovski (261), 
who noted excitation following the introduction of soaps therein, and 
concluded that the biphasic action of a fat meal was due to an initial 
inhibition occasioned by the presence of neutral fat in the duodenum, 
followed by a secondary augmentation when the fat was subjected to 
intestinal digestion and converted to soap. 

These fundamental observations were abundantly confirmed in all 
respects, except regarding the mechanism whereby the inhibition occurred, 
and by a variety of techniques. A number of clinical investigators 
(6,9,35,208,321,333) found the findings applicable to the human stomach, 
and Cannon (29) obtained radiological evidence of inhibition of peristalsis, 
both in frequency and degree, after a fat meal was given. Carlson (31) 
and Quigley, Zettleman, and Ivy (280) noted that the introduction of fat 
into the duodenum inhibited hunger contractions as recorded by the 
balloon technique. 

The conception that the inhibitory effect of fat was a nervous-reflex 
phenomenon did not survive. The elucidation of its true mechanism 
originated when Ivy, Lim, and McCarthy (166) obtained inhibition of the 
secretion of a vagotomized pouch of the entire stomach, and a totally 
denervated Bickel pouch, in response to fat placed in the duodenum. 
Subsequently Farrell and Ivy (77) showed the procedure to inhibit the 
spontaneous hunger contractions of an autotransplanted gastric pouch, 
and Feng, Hou, and Lim (80) the secretory activity. Finally, Quigley, 
Zettleman, and Ivy (280) demonstrated the persistence in the inhibition 
of motor activity of a pouch after bilateral vagotomy, bilateral splanch-
nectomy, and celiac ganglionectomy, as well as in the autotransplanted 
pouch, and thereby established that fat inhibition could not be accounted 
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for on a nervous-reflex basis, but must of necessity be due to a humoral 
agent. 

Further work revealed the true nature of such an agent. The possi-
bility that it represented some digestive product absorbed from the 
duodenum was ruled out by the experiments of Feng, Hou, and Lim (80), 
who showed that no inhibition occurred when thoracic duct lymph was 
injected intravenously, and that a thoracic duct fistula did not alter the 
effects of fat administration hence absorbed fat passing through the 
lymph vessels was not the inhibitory agency. The presence of bile 
discharged into the duodenum as a result of fat administration was shown 
to be unrelated to the inhibition. It was shown by Sokolov (311), by 
Meyer, Ivy, and McEnery (245), and by Kosaka and Lim (192) that bile 
in the intestine stimulates, rather than depresses, gastric secretion. 
Other nonspecific agents were ruled out by Quigley, Zettleman, and Ivy 
(280), who noted no inhibitory effect in response to injections of fat, 
lymph, soap, or glycerol. Secretin and cholecystokinin in ordinary doses 
were ineffective. 

Thus all known absorptive products were excluded as possibly being 
the humoral agent involved, and the existence of a specific chalone was 
strongly suggested. In support of such a conception, Kosaka and Lim 
(193) injected large doses of Ivy's cholecystokinin and found it to inhibit 
the secretion from a Heidenhain pouch. This led to further studies 
(194,195) in which they prepared saline extracts of duodenal mucosa 
previously exposed to olive oil and found them to be active, whereas 
extracts not thus exposed, or extracts of gastric mucosa, were ineffective. 
These findings clearly indicated the existence of a specific principle 
elaborated into the blood stream in response to exposure of the duodenal 
mucosa to fat, which they named "enterogastrone." The presence of 
enterogastrone in the blood has been indicated as a result of experiments 
by Tschukitscheff (334), who obtained inhibition of hunger motility in a 
dog after a transfusion of blood from a fed animal, and by Kosaka and 
Lim (194), who precipitated active material from the blood of a fat-fed 
dog. 

2. Occurrence 

The site of enterogastrone formation is almost entirely in the duo-
denum, on the basis of several experiments. Ivy, Lim, and McCarthy 
(167) found the inhibitory effect on a Pavlov pouch of coating the stomach 
with lard to be slight, and Farrell (76) made a similar observation on a 
total pouch. Smidt (310) resected the pyloric antrum in Pavlov pouch 
dogs and noted the inhibitory effect of fat to persist, whereas if the first 
part of the duodenum were also resected it disappeared. Kosaka, Lim, 
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Ling, and Liu (195) extracted a number of tissues, and found the only 
extracts effective were those of the intestinal mucosa, thus establishing 
it/as the site of enterogastrone elaboration. 

3. Concentration 

The original preparation used by Kosaka and Lim for an active 
extract was the SI concentrate previously referred to. Kosaka, Lim, 
Ling, and Liu (195) and Lim, Ling, and Liu (216) reported the preparation 
of a concentrate which was potent and practically free of vasodilatin, 
secretin, and cholecystokinin by picric acid precipitation from a saline 
extract of mucosa from a fat-instilled duodenum, decomposition of the 
picrate with acidified alcohol, and acetone precipitation. Gray, Bradley, 
and Ivy (111) obtained a superior product in a greatly improved yield 
from the same " A-precipitate " employed as a source material for the 
other hormones, by a procedure of suspension in water, isoelectric precipi-
tation, heat coagulation, separation of the activity from the filtrate as an 
insoluble tannate, and decomposition of the latter with acidified acetone. 
The product was potent in repressing gastric secretion and motility in 
experimental animals when injected intravenously; it was also effective 
on subcutaneous or intramuscular injection, but in the dosage necessary 
to produce such an effect was markedly irritating. Further concentra-
tion of the activity was effected by Greengard and others (121) employ-
ing precipitation with picric acid of the product of the above procedure. 
The precipitate on treatment with acidified acetone was separated into 
an active extract and an insoluble residue in which most of the irritant 
material remained. From the extract the activity could be precipitated 
by an excess of acetone in the form of a freely soluble colorless powder, 
approximately twice as potent as the original product in depressing 
gastric secretion. 

4. Biological Assay 

Methods have been devised for the evaluation of activity of entero-
gastrone concentrates based on their potency in repressing the motor and 
secretory activity of the stomach. Kosaka, Lim, Ling, and Liu (195) 
employed as a criterion of activity the duration of inhibition of hunger 
motility in dogs, and the extent of inhibition of secretion from a Heiden-
hain pouch after a meal. Gray, Bradley, and Ivy (111) obtained more 
consistently reliable information by determining the motor inhibitory 
effect on gastric peristalsis induced by placing a balloon in the stomach 
and inflating it with 80-100 ml. of air, and on secretion by the use of dogs 
with pouches of the entire stomach. The method first devised for 
secretory inhibition consisted of injecting the dogs at 10-minute intervals 
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with a dosage of histamine adequate to elicit a gastric secretory response 
of 1 ml. per minute. When this was established as a steady rate, the 
enterogastrone concentrate was injected and the degree of inhibition 
noted. The unit was defined as that quantity which reduced the output 
of free HCl by 50% for 2 hours following injection. This procedure has 
more recently been modified to one in which the pouch dogs are given 
two single injections of histamine, spaced about 5 hours apart. It was 
shown by Wells, Gray, and Dragstedt (346) that on any given day the 
responses to the two doses are essentially alike, although any dog will 
fluctuate from day to day. Prior to the second injection the entero-
gastrone concentrate is injected, and the response to the second histamine 
injection is compared to the control value. The unit of enterogastrone 
derived by this method is defined as the amount which will halve the 
response to the second injection of histamine with reference to a control 
response of 40-120 mg. of HCl in 90 minutes, and is essentially identical 
with the unit as measured by the continuous-injection technique. Fried-
man and Sandweiss (100) have devised an assay method based on 
determining the effectiveness of the material in inhibiting the spontane-
ous gastric hypersecretion induced in the anesthetized rat by pyloric 
obstruction. 

5. Properties 

The most potent concentrate obtained is a colorless powder, freely 
soluble in water to give a colorless solution. It has been found to be 
diffusible through a cellophane membrane (120) indicating that the 
molecule is probably not very complex. It is insoluble in strong methyl 
or ethyl alcohol and other organic solvents. Apparently the active 
principle is more stable in solution than secretin or cholecystokinin, for 
aqueous solutions have been stored for up to 10 days in the sterile state 
at a slightly acid reaction with no detectable diminution in activity. In 
alkaline solution it undergoes rapid degradation. In acid solution it is 
resistant to boiling of duration up to 30 minutes. It is absorbed by a 
variety of insoluble solids, and destroyed by peptic digestion. 

The physiological properties of enterogastrone concentrates will be 
considered under three topics, as indicated below. 

(1) Effect on gastric motility. Both hunger motility and digestive 
peristalsis are inhibited by intravenous injection of the tannic-acid-
purified product. The duration of inhibition was found by Gray, 
Bradley, and Ivy (111) to be dependent on the dosage. The two types 
of motility were found to be equally affected. It was originally believed 
that a single agent was effective in the depression of both motor and 
secretory activity; however, the product obtained through picric acid 
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purification manifests an enhanced potency in inhibiting secretion and a 
greatly diminished one on motility. Furthermore, the SI concentrate 
is a potent motor inhibitor in small doses, which may be many times 
multiplied without manifesting any inhibitory effect on secretion induced 
by a meal or by histamine (120). These circumstances clearly indicate 
the existence of two separate principles. 

The motor inhibitory effect of enterogastrone concentrates has been 
demonstrated to depend on the integrity of the vagus innervation to the 
stomach. The intact stomach and a vagally innervated pouch are 
inhibited, either by the injection of active extracts or by instillation of 
fat into the duodenum, whereas the motility of a denervated pouch is 
unaffected by the injection of extracts (142) but still is inhibited by fat 
in the duodenum. Motor inhibition may be obtained from either 
intravenous or subcutaneous injection. The latter manifests a longer 
latent period and slower recovery, and the effective dosage is about four 
times as large. 

(2) Effect on gastric secretion. The inhibitory action of enterogastrone 
on gastric secretion is manifested on both innervated and denervated 
pouches, and is effective regardless of the nature of the stimulus applied 
when the dosage is adequate. The extent and duration of the effect 
depend roughly on the dosage employed; however, no satisfactory con-
centration-action ratio can be constructed, owing to the inherent varia-
bility of the process of gastric secretion in different animals, and in the 
same animal from day to day. 

The effect of enterogastrone on the composition of gastric juice was 
investigated by Gray, Bradley, and Ivy (111), who determined the volume 
output and the contributions of parietal and nonparietal secretion 
thereto, and concluded on the basis of their determinations that entero-
gastrone exerted a selective inhibitory effect on the parietal secretion, 
since their calculations revealed that the decrease in volume and free acid 
was consistent with such a situation. Whether the enterogastrone 
entered the circulation of the dogs as a result of injection of a concentrate 
or of invoking the animal's intrinsic enterogastrone mechanism by fat 
instillation, there was always a greater diminution in the output of free 
acid than in the volume output. Thus the concentration of acid in the 
postenterogastrone collections was reduced, and by dividing the secre-
tion into parietal and nonparietal components on the basis of a concen-
tration of HCl of 6 mg. per ml. in pure parietal secretion, it was noted 
that the output of nonparietal secretion was essentially unaltered after 
enterogastrone. Furthermore, the output of mucus, a typical non-
parietal constituent, remained constant. Subsequently, it was noted 
(133) that the output of pepsin was only slightly diminished by entero-
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gastrone in animals with vagally denervated pouches, but markedly in 
the case of pouches with the vagus innervation intact. In the light of 
these findings, it appears that pepsin inhibition, like inhibition of motility, 
is dependent on the integrity of the vagi. However, a denervated pouch 
invariably has a lower pepsin output than an innervated one. 

(3) Effect on the resistance of the alimentary tract to ulcerative lesions. 
In view of the therapeutic potentialities of enterogastrone as a means of 
attenuating the gastric hypersecretion accompanying peptic ulcer, an 
investigation was made regarding its efficacy in preventing the develop-
ment of gastrojejunal ulcer in dogs prepared by the Mann-Williamson 
operation, a procedure which uniformly results in ulcers within a period 
of about four months. It was found (137) that, when two daily injections 
of the tannic acid product were administered, 80% of the animals 
remained in good condition and did not develop an ulcer during a year's 
observation, whereas, in a control group of animals given the same dose 
of hog muscle extract prepared by the identical procedure, an ulcer 
developed in all cases, showing that the protection was not of a non-
specific nature. The fact that protection failed in 20 % of the animals was 
considered to be due to their becoming refractory to enterogastrone, a 
condition which Gray and Wieczorowski (113) had shown to obtain in 
this proportion of pouch dogs employed for assay of the material. The 
injections were discontinued after a year, in order to permit the animals 
to develop ulcers and then to ascertain if these could be cleared up by 
resumption of the treatment, as had been done in previous investigations 
on other forms of antacid therapy. At this time the animals were 
explored and found to be free of ulcers. It transpired that the protec-
tion afforded by the course of enterogastrone injections was a lasting one. 
Most of the dogs died of causes other than ulcer many months after cessa-
tion of treatment. A few developed ulcer from 1£ to 3 years later, thus 
indicating that no real adaptation of the animals to the operation had 
taken place. 

These results indicated that the protection afforded to Mann-William-
son dogs is not attributable to an antacid effect of enterogastrone alone, 
since the action of enterogastrone in the dosage used was of only a few 
hours duration, and since other forms of antacid therapy continued for 
the same interval fail to give lasting protection. Thus the presence of a 
hitherto uncharacterized principle which increases the resistance of the 
mucous membrane to injury and promotes healing was strongly indicated. 
In a subsequent series of experiments (151) the animals were observed to 
be protected by a single daily intramuscular injection of the above con-
centrate after further purification through picric acid. In this series 
protection was obtained in all animals. The mechanism of the protective 



230 HARRY GREENGARD 

„ 4 0 -

C 
Z> 

"O Υ 
C 
5 2 0 -

23 u n t r e a t e d M-W dogs (Sl ive et a/) 

I I "immune" M-W dogs 
38 normal dogs 

— , 1 1 1 
30 60 90 120 

Minutes 

F I G . 4.—Output of free HCl in treated and untreated Mann-Williamson dogs, 
compared with that of normal dogs, in reoponse to an alcohol test meal. (Redrawn 
from Grossman et al.t 132.) 

Following the observation of protection against experimentally pro-
duced ulcers in dogs, the same procedure was applied to patients with 
proved peptic ulcers of long standing. This investigation (117) revealed 
that although enterogastrone injections are no more effective than other 
forms of antacid therapy in relieving the acute symptoms of peptic ulcer, 
there is apparently a tendency to lasting protection when injections are 
continued over a period of a number of months. 

In summing up the properties of enterogastrone concentrates, appar-
ently the less highly purified concentrates contain three agencies, includ-
ing motor-inhibitory and secretion-inhibitory factors and in addition an 

influence has been investigated, and the only significant finding was the 
fact that whereas an untreated Mann-Williamson dog manifests a con-
tinuous hypersecretion in response to an alcohol test meal (309,353) such 
a dog after a course of treatment with enterogastrone evidences a response 
similar to that of a normal dog (132) (Fig. 4). This indicates a modifica-
tion of the activity of the parietal cells, but the means whereby this is 
brought about remains obscure. Recent studies (unpublished) have 
indicated enterogastrone treatment to stimulate mucus formation at the 
site of ulcers produced in rabbits by excision of a piece of gastric mucosa. 

6 0 η 
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agent with the protective effect on the mucous membranes indicated 
above. 

In fact, this latter agent is undoubtedly separate and distinct from 
the substances which inhibit gastric motility or secretion. The daily 
dosage employed in the treatment of ulcer in the dog or the human would 
be capable of inhibiting the stomach for only an hour or two, and to an 
extent far from complete, especially in a hypersecreting patient or animal. 
Furthermore, the protection against recurrent attacks which prevails 
beyond the period of daily injections cannot possibly be attributed to 
inhibition of gastric motility or secretion. Thus, the evidence strongly 
indicates the existence of another factor, either in the form of another 
action of enterogastrone or of another substance present in the concen-
trate employed. Support to this view is given by the apparent protec-
tive effect of crude extracts of the intestinal mucosa when administered 
orally to the Mann-Williamson dog (117); the inhibitory action of entero-
gastrone on the stomach cannot be obtained when it is given orally, and 
it has been shown to be susceptible to peptic digestion (142). 

In view of the evidence favoring the existence of a separate antiulcer 
factor, it is apparent that the assay methods cited previously are capable 
of providing only an indirect measure of potency in this regard. Prior to 
1945 the only direct procedure involved the preparation and prolonged 
daily treatment of Mann-Williamson dogs with a lapse of several months 
before any indication of effectiveness was obtainable. At that time Shay 
and associates (308) noted that acute gastric ulcers were producible in 
rats by pyloric ligation after a preliminary period of starvation; lesions 
occurred uniformly in the rumen, inconstantly in the antrum, and least 
often in the fundus. They were attributed to the continual presence of 
unneutralized gastric juice, since they could be also produced by instilla-
tion with rat or human gastric juice or acid-pepsin solution. The pro-
tective effect against such ulcerations produced by pretreatment with 
active extracts has been studied by several investigators (285,340,350); 
in general, the degree of protection afforded by enterogastrone concen-
trates against such lesions has been apparent only when large amounts 
are given. An assay method based on the production of a single acute 
ulcer in the rat by the injection of dilute phenol into the stomach wall has 
been devised by Frederick and Greengard (94). They found that active 
extracts accelerated healing of such a lesion when injected for a week 
prior to and following the phenol treatment. 

6. Clinical Applications 

From the preceding discussion it is manifest that the therapeutic 
possibilities of enterogastrone in the management of peptic ulcer are 
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great. The high incidence of ulcer in the general population, the chron-
icity of the condition, and the inability of all present forms of manage-
ment to prevent recurrences are well known, and, if sufficiently extensive 
studies confirm the prolonged protection afforded by enterogastrone, its 
position in ulcer management will be secure. Recently it has been 
reported (97,108) that the oral administration of intestinal extracts was 
found of benefit in ulcerative colitis, indicating that the production of 
increased mucosal resistance or promotion of healing by its use may prevail 
throughout the alimentary tract. 

E . ACTION OF INTESTINAL EXTRACTS ON INTESTINAL SECRETION AND 

MOTILITY 

It has long been known that the principal factors concerned in regula-
tion of the secretion of intestinal juice are mechanical and nonspecific 
chemical stimuli which act locally (150). However, there is abundant 
experimental evidence that humoral agents are to some extent operative, 
and that one or more hormones are concerned in the elaboration of 
Brunner's gland fluid as well as of succus entericus. It was noted many 
years ago by Ponomarew (263) that feeding would slightly increase the 
secretion from an isolated segment of duodenum, and these observations 
were verified and extended by Florey and Harding (90) in the dog, cat, 
pig, and goat. It was noted by them also that the response persisted 
after denervation (91) and after transplantation (92). This evidence 
establishes the existence of a humoral factor in the case of Brunner's glands, 
but this is not necessarily a hormone. Some support for the existence 
of a hormone exists, since it has been demonstrated that some secretin 
concentrates stimulate Brunner's glands when injected intravenously 
(93,356). The SI preparation is effective in this regard, whereas crystal-
line secretin is not (313). 

The existence of a humoral mechanism stimulating the secretion of 
succus entericus was definitely demonstrated by Nasset, Pierce, and 
Murlin (252), who prepared animals with subcutaneous transplants of 
jejunal and ileal loops, and noted the effect on these of feeding. No 
response was noted prior to complete denervation, but when this was 
produced by the procedure of severing the original pedicle there was a 
definite increase (60 % over the basal rate) after feeding, and an increase 
in enzyme output which exceeded the volume increase (305). Subse-
quently Nasset (251) prepared an extract of intestinal mucosa which 
stimulated the secretory activity of the intestinal glands, the effect of 
which persisted after denervation and transplantation, and to which he 
gave the name "enterocrinin." Processes of purification which have 
since been applied (83,85) have evolved a highly potent concentrate which 
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is reported to be free of secretin and vasodilatins. The most highly 
active preparation was that obtained by Fink (83), who employed a pro-
cedure of acid alcohol extraction of the intestinal mucosa, precipitation 
by salt saturation, acetic acid extraction of the dried salt cake, and ether 
precipitation of the extract. The product was subjected to subsequent 
extractions with acetic acid, methylcellosolve, and propylene glycol, 
followed by picric acid precipitation and decomposition of the isolated 
picrate with acetone, hot water, and acetic acid. Certain batches 
obtained according to this procedure were potent in a dosage of 0.036 mg. 

The only method described for the biological assay of enterocrinin is 
that of Fink and Nasset (84) involving the insertion of a wire coil into a 
jejunal loop to maintain patency of the lumen, which was then filled with 
saline and subjected to gentle suction. When it reached a steady state, 
the material to be tested was injected and any increase noted. Any 
method for assay is handicapped by the fact that a mechanical stimulus 
of the intestinal mucosa is incomparably more potent in exciting the flow 
of juice. 

A further complicating factor in studying intestinal secretion induced 
by injected substances is the fact that many extracts of intestinal mucosa 
will produce an increased motor activity of the intestine (90), and it is in 
many cases equivocal whether an augmentation of secretion represents a 
true increase, or a spurious one resulting from the expression of preformed 
material. The augmented motility is apparently in the nature of 
rhythmic segmentation, since a decrease of passage time of a bolus 
through a Thiry-Vella loop has been observed not to take place (341). 
Recently a partial dissociation of the motor and secretory effects has 
been observed; the SI preparation stimulates both motility and secretion 
in a freshly prepared solution, but if such a solution is permitted to stand 
for some time at room temperature, or if it is boiled for half an hour, the 
secretory component is lost while the motor one persists (122). 

It has been reported (72,73,231,232,330,359) that some secretin 
preparations when injected intravenously will stimulate intestinal 
peristalsis, and this has been attributed to a hormone designated "peri-
staltin " or "enterocin." The existence of such an agent is most unlikely. 
It is a well-known fact that augmented intestinal motility occurs after 
feeding, but only in a loop of intestine remaining in continuity with the 
rest of the alimentary tract; it is not seen in an isolated loop, whether 
innervated, denervated, or transplanted (152). The most potent excit-
ing agents of intestinal peristalsis are locally acting stimuli of a chemical 
or mechanical nature, whose action may be abolished by local anestheti-
zation (19). 

Another aspect of motor activity of the small intestine has been 
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investigated by Kokas and Ludany (183,184,185,186,187), who postulated 
the existence of a humoral mechanism stimulating movements of the 
villi. They noted by observation under a binocular microscope that 
activation occurs only in segments of the intestine exposed to acid chyme, 
and that it could likewise be produced in an isolated loop of jejunum 
joined to the circulation by the carotid artery and jugular vein, following 
the instillation of dilute acid into the duodenum. Cross-circulation 
experiments yielded findings indicating that acid placed in the intestine 
of one animal activated the villi in both, and the injection of crude 
secretin concentrates was found to stimulate movements of the villi. 
The active principle was stated to be distinct from histamine, choline, 
secretin, cholecystokinin, and adenylic acid, and was considered to be a 
previously uncharacterized hormone designated "villikinin." They 
considered the mechanism important in the light of experiments showing 
increased intestinal absorption as a result of augmentation of activity 
of the villi. No confirmatory evidence for the existence of villikinin has 
been published, and in partial refutation of the studies described above, 
Loew, Gray, and Ivy (224) noted no acceleration of glucose absorption 
following instillation of dilute HCl into the duodenum. 

F. ACTION OF INTESTINAL EXTRACTS ON SPLENIC CONTRACTION 

A few investigators observed that the injection of crude secretin con-
centrate operated in the direction of altering the cellular composition of the 
blood, as evidenced by a transitory though definite increase in the red cell 
count (63,64,105,179). It was suggested by Krzywanek (197) that this 
was occasioned by entry into the general circulation of the erythrocyte-
rich blood in the splenic reservoir, as a result of contraction of the spleen 
by some substance present in the concentrate, since the increase in 
erythrocyte count was only 4% in the splenectomized dog as compared 
with 30% in the intact animal. In support of this conception, it was 
noted by Ferguson, Ivy, and Greengard (82) that a definite contraction 
of the spleen, registered either by a splenic oncometer on the organ in situ 
or by isolated strips of spleen in the bath, was obtainable following 
administration of certain secretin concentrates. The SI concentrate was 
effective in this regard, whereas highly purified secretin was not. The 
action of SI could not be inhibited by atropine. 

This finding, together with the actions of intestinal extracts on the 
intestinal musculature and that of the gall bladder, constitute strong 
presumptive evidence that a single principle is the effective agent, rather 
than a multiplicity of hormones. The proof of such a conception must 
await the isolation of cholecystokinin in chemically pure form. 
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G. ACTION OF INTESTINAL EXTRACTS ON BLOOD SUGAR 

A number of workers have obtained evidence purporting to show the 
existence of a hypoglycemic substance in extracts of the intestinal mucosa, 
and inferentially a control by the duodenum over carbohydrate metabo-
lism through the medium of a hormonal agent. According to some 
reports (45,46,306) extracts effective when given orally as well as paren-
terally have been secured, the active principle of which has been termed 
"duocrine." Others have obtained extracts effective only on parenteral 
injection (144,145,198,199,200,201,202,203,204,211,212,213,247,254,300, 
301,322,323,325,326,327,360,361) termed variously as "incretin," "duo-
denin," " insulotropic hormone," or "hypoglycemic secretin," and in some 
instances the effect has been attributed to contamination of the extracts 
with insulin (159). 

Previous discrepancies existing in the literature (18,199,205,307) 
regarding the possibility of release of a substance by an acid-instilled 
duodenum which counteracts induced hyperglycemia have been resolved 
by a series of well-controlled experiments by Loew, Gray, and Ivy. They 
found, after minimizing all extraneous factors which might modify the 
blood sugar level, that instillation of dilute HCl into the small intestine 
was without effect on hyperglycemia induced by alimentary absorption 
of glucose, by intravenous injection of glucose, by adrenalin injection, 
or by pancreatectomy (224). The procedure of acid instillation was 
likewise without effect in lowering the fasting blood sugar level (223). 
These findings provided a crucial basis for the exclusion of any hormonal 
influence exerted by the duodenum on carbohydrate metabolism, but 
not necessarily for the presence of a hypoglycemic substance in duodenal 
extracts. However, it was subsequently shown by these workers (225) 
that concentrates prepared by many of the procedures alleged to have 
yielded active material were ineffective in depressing the blood sugar 
level. The only hypoglycemia-producing extracts obtained were those 
of pancreatic tissue. Thus, only one possibility remains for any con-
ceivable role which the duodenum might play in exerting any influence 
over carbohydrate metabolism, which is that it might produce an insulin 
synergist. This question has not yet been investigated. 

III. The Gastric Mucosa 

The existence of two principles of hormonal nature has been postu-
lated for the mucosa of the stomach. The presence of one of these, 
secretin, has been satisfactorily demonstrated by experiments outlined 
above. It has been termed by some "gastric secretin," but there is no 
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reason to believe that it is not one with the secretin isolated from the 
small intestine. 

T H E GASTRIN THEORY 

Shortly after the secretin mechanism had been demonstrated by 
Bayliss and Starling, the gastrin theory was advanced by Edkins (69) on 
the basis of experiments in which he found that extracts of gastric mucosa 
were effective in stimulating gastric secretion in the anesthetized cat. 
The pyloric mucosa was found to be the most effective, whereas extracts 
from the cardiac and fundic portions were less active or ineffective. 
Extracts from all three regions of the stomach had a marked vasodilator 
effect, but those of the fundic region manifested this property the most 
markedly, often killing the animal. Subsequently Edkins and Tweedy 
(70) separated the fundic from the pyloric portion of the stomach by a 
flat balloon and cannulated the two portions separately. The fundic 
portion was filled with saline, the pyloric portion with a number of 
different substances, and the fluid in the fundic portion withdrawn after 
each test and examined for the presence of free acid. It was found to be 
secreted when meat extract, peptone, dextrin, glucose, or dilute HCl was 
placed in the pyloric pouch, but there was no local effect following their 
introduction in the fundic pouch. Edkins believed these experiments 
to demonstrate the existence of the hormone gastrin, elaborated by the 
pyloric mucosa. 

A comparison of these studies with those of Bayliss and Starling 
reveal the evidence obtained by Edkins to be meager in comparison. 
However, the problem has since been extensively investigated and a 
considerable amount of new material favoring the gastrin theory has 
accumulated. Analysis of the present status of the problem involves a 
consideration of the following questions: 

( 1 ) Is the pylorus especially susceptible to stimuli affecting the 
secretion of the fundic glands? 

(2) Is there a humoral mechanism for the stimulation of gastric 
secretion? 

(3) What is the site of action for stimuli which elicit the humoral 
mechanism? 

(4) Does a hormone mechanism for gastric secretion exist? 
(5) Is histamine involved in the normal gastric secretory process? 

These questions will be considered in order : 
( 1 ) Is the pylorus especially susceptible? A number of experiments 

have demonstrated conclusively that when secretagogues are applied to 
the pylorus, the fundic glands are stimulated. Savitsch and Zeliony 



VI. HORMONES OF GASTROINTESTINAL TRACT 237 

(303) caused secretion in a gastrostomy when substances of this type 
were placed in an innervated pyloric pouch, and Lim, Ivy, and McCarthy 
(215) obtained a similar response when a denervated pyloric pouch was 
used. Steinberg and collaborators (315) made the same observation, 
using animals with a fundic and pyloric fistula. Priestley and Mann 
(277) compared the secretory behavior of dogs with a transplanted fundic 
pouch and with a fundic fistula in response to the introduction of secreta-
gogues into a denervated pyloric pouch. They found the transplant 
failed to secrete, and the secretion obtained from the fundic fistula was 
meager and sporadic. They attributed the secretory response obtained 
to psychic influences. However, their transplanted pouch was decidedly 
refractory, responding very poorly to histamine. 

The fundus of the stomach has likewise been shown to respond to the 
application of secretagogues to it, but considerably less than when these 
are placed in the pylorus. A number of investigators have attempted to 
compare the behavior of the fundic glands before and after extirpation 
of the pyloric antrum (176,276,310,354). The balance of the evidence 
has demonstrated a reduction of a magnitude so minor as to be attribut-
able to the effects of the operative procedure. Furthermore, it has been 
shown that the presence of secretagogues in the intestine will stimulate 
the fundic glands. This was demonstrated in the case of the Pavlov 
pouch by Ivy and Mcllvain (168) and in the total pouch by Ivy, Lim, 
and McCarthy (167) and by Kim and Ivy (178). However, in the case 
of the duodenum the latent period is long and the response is not great, 
which may be due to nervous or hormonal inhibitory influences. 

The experiments above cited indicate a sensitivity to chemical stimuli 
in the pylorus, fundus, and duodenum, but that of the pylorus very 
definitely transcends the other two. 

(2) 7s there a humoral mechanism for gastric secretion? The fact that 
the fundic glands could secrete independently of extrinsic innervation 
was first demonstrated by Popielski (274), who found secretion to occur 
after bilateral vagotomy, sympathectomy, celiac ganglionectomy, and 
transection of the spinal cord at the level of T i l . He concluded on the 
basis of his findings that the intrinsic plexuses were involved. Similar 
observations were made by Friedenthal (95,96). 

Attempts to demonstrate by transfusion experiments the presence of a 
blood-borne stimulus have failed to supply any additional evidence. 
Lim (214) obtained no stimulation on transfusing the blood from a fed 
donor cat to a fasted anesthetized recipient, and Ivy, Lim, and McCarthy 
(167) found that transfusion from a fed dog to a Pavlov pouch dog and 
cross-circulation experiments both failed to give stimulation. Razenkov 
(282,283) reported stimulation in one of three experiments in which he 
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transfused defibrinated arterial blood from a fed donor to a Heidenhain 
pouch dog, while a control transfusion from a fasted dog gave negative 
results. Lim and Necheles (219) tested a vividialyzate from the blood 
of fed dogs on the secretion of a Heidenhain pouch and reported occa-
sional stimulation. Their work has never been confirmed. 

The first conclusive demonstration that a humoral mechanism 
actually exists was made by Farrell and Ivy (79) when they noted that a 
subcutaneously transplanted gastric pouch would secrete in response to a 
meal. This observation was confirmed by Lim, Loo, and Liu (217) with 
homo- and autotransplanted pouches prepared by vascular anastomoses, 
and by Klein and Arnheim (181) with a transplanted pouch consisting 
of the mucosa alone. Finally, Gregory and Ivy (131) prepared dogs with 
a transplanted fundic pouch and a Heidenhain pouch of the remainder 
of the stomach. The transplanted pouch was caused to secrete in 
response to a meal and to application of secretagogues to the Heidenhain 
pouch, indicating again the existence of a humoral agent. When the 
pyloric portion was separated from the main pouch and constructed into 
a pyloric pouch, a secretion of the transplant was still observed following 
perfusion of the main pouch with secretagogues, indicating that the 
pyloric antrum was not indispensable. 

(3) Where is the site of action of the humoral stimulus? It is definitely 
known that humoral stimuli are not involved in the cephalic phase of 
gastric secretion, since this is completely abolished by vagotomy, after 
which procedure sham feeding evokes no response. Regarding the gastric 
phase, the best evidence indicates that the local action of secretagogues 
is not abolished by denervation. The application of a local anesthetic 
was found by Savitsch (302) to abolish the effect. Mechanical distension 
of the stomach has also been demonstrated to stimulate secretion locally 
in the absence of the extrinsic nerves. Ivy and Farrell (155) and Lim, 
Loo, and Liu (217) obtained this effect in a transplanted pouch, and 
Gregory and Ivy (131) observed that it was abolished in a Heidenhain 
pouch by procainization. In the case of the intestinal phase of gastric 
secretion it has been observed by Gregory and Ivy (131) that the inges-
tion of a meal or the oral administration of secretagogues evoked a 
secretory response in their dogs, both in the transplanted pouch and in 
the main pouch after procainization. 

It is thus apparent that the humoral stimulus is operative independent 
of the innervation of the stomach. 

( 4 ) Does a hormone mechanism for gastric secretion exist? It remains 
to be determined whether the established humoral mechanism is on the 
basis of the absorption of nonspecific secretagogues or of the elaboration 
of a specific hormone or hormonelike substance, and whether, if the 
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latter, it is one with histamine. The importance of this last considera-
tion will be manifest in the discussion which follows. 

It has been established by numerous investigators that many of the 
most commonly employed secretagogues, such as meat extract, liver 
extract, peptone, etc., are effective stimulators of the gastric glands when 
injected parenterally. However, the activity of most of these is attribut-
able to their histamine content, which is adequate to stimulate when 
given by the parenteral, but not the oral, route. Kim and Ivy (178) 
found the injection of a histaminefree liver extract was very effective. 
They also concluded from their observations that secretagogues might 
act by absorption from the intestine, but not from the stomach, since 
they do not disappear during perfusion into a pouch. Butler, Hands, 
and Ivy (26) found that liver extract perfused into a pouch was four 
times as potent in stimulating the gastric glands as when it was injected 
intravenously, which strongly indicated that an agency other than simple 
absorption was concerned. The concept of a hormonal agent is further 
supported by the findings of Gregory and Ivy (131) in connection with 
procainization of the pouches in their dogs. They found the secretagogue 
responses in both the main pouch and the transplant were abolished when 
the main pouch was procainized prior to its perfusion. However, the 
application of procaine to the transplant, or the subcutaneous injection 
of procaine, did not prevent the transplant from secreting in response to 
the presence of secretagogues in the main pouch. It is unlikely that 
procaine acts by preventing the absorption of secretagogues, since it does 
not interfere with the absorption of such substances as ethyl alcohol or 
histamine, and likewise, it cannot prevent secretion by poisoning the 
parietal cells, otherwise it would be effective regardless of how it was 
administered. In other words, the evidence cited above indicates that 
the humoral agent is not identical with absorbed secretagogues, therefore 
it must of necessity be a hormone. 

Attempts have been made to verify the existence of a hormone by 
stimulation with a nonabsorbable agent. It was found by Lim, Chang, 
Hou, and Feng (218) that the feeding of broken bones in conjunction 
with a meal resulted in an augmentation of the basal secretion, some 18 
hours later. This was shown to be a mechanical effect, since powdered 
or incinerated bones were without effect, and inert objects, such as 
pigs' hoofs, hard rubber, and brass tubing were effective, and the response 
was due to a humoral agent, since it could be obtained with a transplanted 
pouch. Since the bones could not be absorbed but acted nevertheless 
by a humoral mechanism, it was concluded that a hormone was involved, 
and further evidence was provided by the finding that removal of the 
pyloric antrum abolished the response to bone feeding. However, the pro-
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cedure was decidedly unphysiological, and the interpretation of the 
results is questionable, especially in view of the long latent period and the 
probability that delayed gastric evacuation or obstruction may have 
permitted the prolonged absorption of secretagogues, since the bones 
were fed with a meal. 

The other line of investigation designed to prove the existence of a 
gastric hormone has taken the form of numerous attempts to isolate the 
active principle from the gastric mucosa. The first such extract was 
made by Edkins (69) by a procedure very similar to that of Bayliss and 
Starling, namely maceration with hot 0.4% HCl and neutralization. 
The extract was highly toxic and contained considerable vasodilatin, 
including the most powerful known stimulant of gastric secretion, 
histamine. All investigators have confirmed the effectiveness of injec-
tion of such an extract, the action of which is atropine-resistant. Any 
belief that pyloric extracts were specific was soon dispelled by the studies 
of Popielski (273), Rogers and collaborators (286,287,288), Tomaszewski 
(331,332), Keeton and Koch (172), and Luckhardt, Keeton, and Koch 
(227), who demonstrated that potent extracts could be prepared from 
almost any organ or tissue of the body by the same method. In addition 
to their effect in stimulating gastric secretion, a lowering of the blood 
pressure and prolongation of coagulation time of the blood was mani-
fested by all such extracts, including Edkins'. Dale and Laidlaw (43) 
compared the properties of histamine with the vasodilatin obtained from 
tissue extracts, and concluded that the two were identical. Popielski 
(274) agreed with their conception, and believed that histamine was the 
active principle in all extracts stimulating gastric secretion. However, 
Maydell (235) claimed to have verified Edkins' work in that he found 
only pyloric extracts effective in stimulating a chronic gastrostomy 
preparation, and Lim (199) stated that pyloric extracts were more active 
than cardiac, fundic, or duodenal extracts. Keeton, Luckhardt, and 
Koch (173), on the basis of meager chemical evidence, believed that 
gastrin as represented in their pyloric extracts was not histamine. They 
noted some slight differences in regard to their precipitation behavior by 
picric and picrolonic acids. 

These studies were climaxed by the isolation of a crystalline compound 
by Sacks, Ivy, Burgess, and Vandolah (290) the picrate of which was 
found to be identical with histamine picrate by a mixed melting point 
determination. They observed throughout their purification process 
that the vasodilatin and gastrin potencies, as well as the Pauly reaction 
for imidazoles, ran closely parallel, and found the activity of their 
extracts to be abolished by incubation with histaminase. The parallel-
ism between gastrin and histamine assays and susceptibility to histamin-



VI. HORMONES OF GASTROINTESTINAL TRACT 241 

ase was confirmed by Gavin, McHenry, and Wilson (106), who found 
much more histamine in the fundus than in the pylorus. Histamine was 
first isolated from gastric mucosa by Abel and Kuboda (1) but the con-
tribution cited above represents the first successful effort to isolate it 
from the pyloric mucosa. The evidence obtained by the parallelism 
between vasodilator and secretory effects, and the complete destruction 
of activity by histaminase, is strongly presumptive evidence that hista-
mine was the only gastric excitant present in the extracts. It is not 
conclusive, since histamine is not a specific substrate for histaminase, 
which is in fact a diamine oxidase, and it may have destroyed gastrin as 
well as histamine. 

Recently the preparation of histaminefree gastrin preparations has 
been reported. Komarov (188-191) employed a procedure which he 
considered gave a concentrate of the protein fraction of pyloric extracts, 
which he effected by extraction of the minced mucosa with dilute acid, 
addition of base beyond neutralization, precipitation of the activity with 
salt and acetic acid, extraction of the precipitate with 80% acetone, and 
reprecipitation of the active principle from the acetone-freed extract 
with trichloroacetic acid. Solution of the resulting material in methyl 
alcohol, followed by ether precipitation, was stated to give a product free 
of histamine and otherwise biologically pure, which was potent in stimu-
lating gastric secretion in 200 mg. doses and was atropine resistant. 
Extracts from the fundus of the stomach, and extracts of liver, were found 
ineffective. An examination of Komarov's protocols reveals that the 
gastric secretory responses were of a very low order, and other inves-
tigators have been unable to obtain active extracts by this method. 
Recently, however, Uvnäs and co-workers (10,250,335-337) have pre-
pared active extracts of pyloric mucosa by dilute acid extraction, salt 
precipitation, solution in water, and reprecipitation by tannic or tri-
chloroacetic acids, 80% alcohol extraction of the resulting material, and 
isoelectric precipitation at a pH of 8. The product was described as 
histaminefree, proteinlike, heat stable, and destroyed by pepsin, 
trypsin, ultraviolet light, and alkali. It was obtainable from the pyloric 
mucosa of cats, dogs, and pigs and was stated to stimulate selectively the 
parietal cells. It is conceivable that Komarov and Uvnäs have isolated 
a histamine-liberating protein split product; this would account for its 
atropine-resistant behavior. Friedman and King (98) also reported the 
preparation from the pyloric mucosa of a gastrin concentrate, effective 
in a dosage of 60 mg. ; in this quantity of material there was less than 0.04 
micrograms of histamine according to an assay based on its effect on the 
blood pressure of the cat. 

To summarize the evidence cited above, it appears that the activity 
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of Edkins' original extract was undoubtedly due tö histamine, and that 
extracts made by such a procedure contain no other gastric stimulant. 
Acceptance of the existence of an agent other than histamine must await 
full confirmation of the findings of a histaminefree agent, and its concen-
tration to an order of potency commensurate with that of histamine. 

(5) Is histamine involved in the normal gastric secretory process? On 
the basis of what has been said above, the balance of evidence indicates 
that histamine is the only truly potent gastric secretory stimulant present 
in the gastric mucous membrane. Since it is established as the most potent 
gastric gland excitant known, the question of its identity with the hor-
mone involved in normal gastric secretion is one meriting serious con-
sideration. On the basis of what is known, a sharp discrepancy is at 
once manifest—it is generally agreed that atropine will completely inhibit 
the secretory response of a dog to a meal, and all of the individual phases 
of normal gastric secretion, whereas numerous investigators have shown 
that atropine will only attenuate, but not abolish, the response of a dog 
to a single large dose of histamine. This paradox is partially resolved by 
the finding of Kim (177) that 1 mg. of atropine will abolish the response 
to small doses of histamine, of the order of 0.2-0.3 mg. Gray (109) noted 
that the extent of inhibition of histamine secretion depended on the dos-
age of histamine and the rate of secretion induced, but that inhibition 
was never complete, and that atropine inhibition was not complete when 
applied to a secretory rate somewhat less than that obtaining during the 
intestinal phase of secretion in the same dogs, the latter being subject to 
atropine eradication. Gray suggested that, if histamine is involved in the 
normal process of gastric secretion, atropine must inhibit its formation. 

Crucial proof of the operation of histamine as the gastric hormone 
might be furnished by the demonstration of two circumstances: first, 
that the histamine titer of the arterial blood is increased after ingestion 
of a meal; and second, that the humoral response is eradicable by the 
administration of histaminase. Macintosh (230) attempted to show an 
increase in blood histamine after feeding, as well as its increased concen-
tration in the gastric juice, and was unable to do so. However, his 
results were likewise negative even after the subcutaneous injection of 
1 mg. of histamine. Ivy, Atkinson, and Bass (153) found no significant 
reduction in the secretory response to a meal after histaminase adminis-
tration. However, the histaminase was given orally to their human 
subjects and quite conceivably was unabsorbed, or absorbed in amounts 
inadequate to be effective. Attempts to inhibit the gastric secretory 
response to histamine by the injection of histamine inhibitors such as 
benadryl have been in the main unsuccessful (237,246). 

To sum up the existing status of the gastrin theory, some comparisons 
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may be drawn with the evidence in favor of the existence of this hormone 
as opposed to that in support of an established agent such as secretin. 
In the case of secretin, the following facts are known: 

(1) There is a specific area of stimulation, the small intestine. 
(2) The substances (HCl, soap, peptone, e tc ) which cause the absorp-

tion of the hormone from that area, do not act by being them-
selves absorbed, since the most potent one, HCl, is ineffective 
when given intravenously. 

(3) The effect is entirely independent of the innervation. 
(4) Active extracts can be prepared from the specific area which pro-

duce an effect identical with the physiological stimulus. 

When the gastrin theory is subjected to a similar analysis, it is 
revealed that 

(1) There is no demonstrable specific area of stimulation. The evi-
dence favoring the pylorus is inadequate. 

(2) The substances which excite the area are all active parenterally, 
though the best evidence indicates that in eliciting the hormone 
effect they do not act by absorption. 

(3) The effects have not conclusively been shown to be independent 
of the innervation. 

(4) Active extracts can be prepared from any body tissue, and their 
action on injection is not identical with the normal response. 

The evidence in favor of a humoral mechanism is conclusive. The 
evidence in favor of a hormone as the humoral agent is much less decisive. 
However, the evidence favoring gastrin as a distinct entity is at present 
inadequate, although no proof exists that it is identical with histamine. 

IV. The Salivary Glands 

The secretion of the salivary glands is generally known to be under 
the control of nervous reflexes affecting the secretory cells, the blood flow, 
and the contractile components of the glands. In support of the con-
ception that the nervous element is sufficient in itself, Langley (209) and 
Malloizel (233) demonstrated that for a period of time after denervation 
the submaxillary gland will not respond to so potent a stimulus as the 
application of acid to the mouth. Sacks and Kim (291) confirmed their 
observations, and in addition found that acid extracts of the mucosa of 
the mouth, pharynx, and tongue failed to stimulate the flow of saliva 
when injected. Several known hormones have been tested for their 
effect on salivary secretion. Secretin concentrates (52,314), pituitrin 
(312), and insulin (182) have been found to be ineffective as stimulators; 
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thyroid has been reported to sensitize the secretory nerves (196.262), and 
epinephrine in large doses will stimulate (7,210), but this effect is merely a 
duplication of the activity of one of the components of glandular innerva-
tion. Injection of perfusates from a secreting salivary gland have been 
reported to stimulate the flow of saliva, whereas perfusates from a resting 
gland were ineffective (49,50,51,279). This action is now known not to 
be hormonal, but rather is due to the presence of neuromedins in the 
perfusate from the active gland. 

It has been reported from various sources that the salivary glands 
produce an internal secretion which influences carbohydrate metabolism, 
either directly or via an action on the pancreas. Most of these indicate 
the presence of an insulin antagonist. Several investigators (8,15,27,57) 
have characterized the effects of bilateral parotidectomy to include 
hypoglycemia, diminution of induced hyperglycemia, and hypertrophy 
and hyperplasia of the pancreatic islet tissue. Zimmerman and Soskin 
(358) noted that bilateral ligation of the duct of the dog's parotid gland 
produced an increased sugar tolerance in the normal animal, but that no 
such result obtained in a dog after pancreatectomy. It has also been 
stated (86,174) that many or all patients seen with bilateral enlargement 
of the parotid glands were diabetic. On the basis of this apparent evi-
dence that the parotid glands elaborate an anti-insulin principle, extracts 
of the glands have been prepared, the injection of which was stated to 
produce a hyperglycemia (16,148) and, if long continued, degenerative 
changes in the islet tissue (16). However, other workers have apparently 
extracted a blood-sugar-lowering substance from the salivary glands 
(328) and the belief is expressed by some that in the event of deficient 
insulin production by the pancreas the salivary glands operate to main-
tain constant the blood sugar level (56,81,284). 

In view of the meager evidence presented in the work cited above 
and the discordant nature of the reports, it is impossible at present to 
assign to the salivary glands any role in the regulation of carbohydrate 
metabolism. It is certain that if one does exist, it is so minor as to be 
insignificant. 

V. Urogastrone 

A few years after the discovery of enterogastrone, Sandweiss and 
co-workers (297,298) reported that commercially prepared extracts of 
human pregnancy urine containing the chorionic gonadotropic hormone 
served to prevent or delay the onset of experimentally produced ulcers in 
dogs. The possible mechanism of such protection was investigated by 
Culmer, Atkinson, and Ivy (40), who found such extracts to inhibit gastric 
secretion, and it was shown by Gray, Wieczorowski, and Ivy (114) that 
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the effect was not a characteristic of pregnancy urine, since it was also 
obtainable from extracts of normal female and male urine. Confirma-
tion of their findings promptly appeared (99,253) and the presence of an 
inhibitor reported in the urine of patients with peptic ulcer (99a), pernici-
ous anemia (23,24), and gastric carcinoma (99a), and also in the achlor-
hydric gastric juice of patients suffering with pernicious anemia or gastric 
carcinoma (24). It was likewise demonstrated to be present in normal 
dog urine as well as in human urine (115). The active concentrates as 
first prepared contained pyrogenic substances in measurable amounts, 
which are known to depress gastric secretion (244,339), but a process for 
the preparation of pyrogenfree active extracts was developed by Gray 
et al. (112), and this clearly demonstrated the existence of a gastric 
inhibitory factor distinct from pyrogen and from the gonadotropins, 
which was given the name "urogastrone." 

The obvious similarity in physiological effect of urogastrone and 
enterogastrone has prompted investigations with a view to determining 
whether the two were identical substances, or whether urogastrone 
represented a metabolic or excretory product of enterogastrone, as a 
result of which certain differences between the two have been demon-
strated. It has been shown that, when equivalent doses, based on the 
gastric secretory inhibitory effect, are administered, the duration of 
motor inhibition is far less in the case of urogastrone as compared to 
enterogastrone obtained by the tannic acid process (111), and that the 
motor-inhibitory principle of enterogastrone is destroyed by peptic 
digestion, whereas such treatment does not affect the motor-inhibitory 
potency of urogastrone (142). Several studies have been made to deter-
mine whether urogastrone represents an excretory product of entero-
gastrone. The information yielded by these has not led to any definite 
conclusion on this particular point, but has revealed several items of 
significance. Thus it has been shown (41,351) that when dogs were 
completely enterectomized there was usually a decrease in the urogastrone 
output in the urine, but this does not always take place. No decrease 
was manifested when the small intestine was removed from continuity 
with the alimentary tract, but left in the abdomen, and when the surgical 
procedure was limited to exclusion from the intestine of gastric and 
pancreatic juice and bile, the urogastrone output was apparently aug-
mented. Furthermore, the urogastrone output in human subjects was 
found to be greater after a fatty meal than during fasting. However, a 
fatfree meal caused a similar augmentation (110). The possibility that 
urogastrone operates by stimulating the release of enterogastrone was 
ruled out by the work of Schiffrin and Gray (304), who showed urogas-
trone to be as effective in the enterectomized dog as in the dog with the 
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small intestine intact. In other words, it was effective in animals 
deprived of their source of enterogastrone. 

Kaulbersz and co-workers (171) prepared urogastrone concentrates 
from intact dogs, and from dogs which were ovariectomized, with or 
without thyroidectomy, or hypophysectomized. The urogastrone con-
centrates from the latter group appeared to stimulate, rather than inhibit, 
histamine-induced gastric secretion. 

Urogastrone concentrates have been shown to inhibit the gastric 
secretory response to histamine in the human (116). Like enterogastrone 
they fail to inhibit the motility in a vagotomized pouch (143).' An 
inhibition of the stimulating effect of secretin on pancreatic secretion has 
been noted, and this effect is not destroyed by boiling (128). There is 
no inhibitory effect exercised on the secretion of saliva or of urine (110). 

The effectiveness of urine concentrates in the prophylaxis and treat-
ment of experimentally produced gastrojejunal ulcers in dogs has been 
investigated by Sandweiss and collaborators. They have reported the 
principle effective against the development of ulcer to be distinct from 
urogastrone (12,293,295,296) and to manifest the biological effect of 
producing fibroblastic proliferation, vascularization, and epithelializa-
tion of the mucosa of the intestine. This factor, designated " anthelone/' 
was stated by Sandweiss (294) to produce protection lasting beyond the 
duration of therapy in the Mann-Williamson dog, similar to that obtained 
with enterogastrone (137,151). This factor has been reported absent in 
the urine of peptic ulcer patients on the basis of the failure of extracts 
from such a source to protect the Mann-Williamson dog (299), and on the 
basis of finding such extracts to inhibit gastric motility in the gastro-
stomized dog, a differentiation of the anthelone from the motility-
inhibiting principle has been postulated (20). 
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