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For many years the Department of Physiology of The 
University of Michigan has had a monthly History of 
Physiology Seminar in which members of the faculty tell 
graduate students and anyone else who wants to attend 
about historical topics which interest them. Since 1966 
the talks by Horace W. Davenport have been recorded, 
transcribed, edited and duplicated. They have been re- 
ceived 
some 

W ith su f f  icient favor to encourage the belief that 
of them might be of interest to members of the 

Society. Accordingly, Davenport has revised an early one 
for publication in The Physiologist. In making the 
revision, he has removed extraneous material, local 
references and a certain amount of libel, but he has 
attempted to retain something of the informality appro- 
priate to a convivial occasion, in his home. 

Acid in the stomach has always received more attention 
than it deserves. I, for one, wasted 20 years of my life trying 
to discover how it is secreted, and all I accomplished was to 
turn up the odd fact that the stomach will secrete hydro- 
bromic acid or even hydroiodic acid (1,2) if it is given a 
chance. My interest in acid made me look up something of its 
history, and I will tell you part of the story of how we know 
the stomach secretes acid. 

Before we have acid in the stomach we must have chemical 
digestion. Reaumur is usually credited with having established 
the fact of chemical digestion, because he published in 1752 
an enormous memoir on digestion in birds (3). I looked it up 
in our library, and I was impressed by the fact that the book 
I was holdi ng was publ ished when Louis XV was Ki ng of 
France and Madam e de 1 Porn padour was saying “Let them 
eat cake.” Reaumur described at great length in elegant 
French his experiment of putting a perforated metal tube 
conta ining meat in th e stomach of a kite. The kite regurgi- 
tated the tube, and th e meat was found to be dissolved. 
Reaumur found that juice squeezed from a sponge swallowed 
by the bird could digest meat. He also 
juice of a bird turned blue itmus paper red. 

found that gastric 

If  you follow the trail of chemical digestion past John 
Hunter and the inevitable Lazzaro Spallanzani, you will 
encounter the name of Edward Stevens who is said to have 
flourished circa 1770. Fulton and Young (4) called him “an 
obscure Edinburgh student whose dates have never been 
ascertained beyond that of his thesis which was defended and 
published in 1777.” Fulton and Young reproduced a brief 
extract of the thesis by Stevens which had been published 
by Spallanzani in 1784. 

Well, Stevens’ dates, and almost everything else about him 
have been ascertained. Awhile back I was wandering through 
our library with no particular object when my eyes lighted 

on a book on Stevens written by Stacey B. Day (5). Day, a 
physician, poet, novelist and playwright, had traced Stevens 
with the same semi-mad enthusiasm that I displayed in my 
quest for Albert Moser, Cannon’s disappearing collaborator 
(6), and consequently I was delighted to read about Stevens 
and to make Day’s acquaintance. Stevens actually was an 
American, born in the West Indies, and he quite possibly 
may have been Alexander Hamilton’s legitimate half-brother. 
Day found all the documents describing Stevens’ later career 
as, among other things, American Consul General in Santo 
Domingo during the time of Toussaint Loverture, who will be 
familiar to you, at least, through Wordsworth’s sonnet. Stevens 
studied medicine in Edinburgh, and (for graduation he pre- 
sented the thesis: De Allinentorum Concoctione to the medi- 
cal faculty. Day has published a translation of the thesis for 
the benefit of. degenerate modern physiologists who can’t 
read Latin. 

Stevens’ first ten experiments were “made at Edinburgh 
upon an Hussar, a man of weak understanding, who gained a 
miserable livelihood, by swallowing stones for the amusement 
of the common people.” Stevens had the Hussar swallow a 
perforated silver sphere containing four and a half scruples 
of raw meat. The sphere was voided in twenty-one hours, and 
the meat was found to have lost one and a half scruples. 
Similar experiments with cooked meat and with vegetables 
and seeds were terminated when the Hussar left Edinburgh, 
and Stevens “was obliged to have recourse to dogs and rumi- 
nating animals.” After doing essentially similar experiments on 
these, Stevens killed a fasting dog to obtain gastric juice, and 
with this he demonstrated that the juice dissolved mutton, 
veal, lamb and vegetable substances without fermentation. In 
fact, gastric juice stopped the putrifaction of mutton. Stevens 
concluded that “a powerful solvent, secreted by the coats of 
the stomach, . . . converts the aliment into a fluid, resembling 
the blood.” 

In Stevens’ day, medical education, when it was not simply 
an apprenticeship to a “respectable physician,” consisted of 
attending a brief course of university lectures, enlivened by 
occasional demonstrations. The medical faculty, then as now, 
said: “We must teach them to think”; them being the medical 
students. To teach students to think, the faculty required a 
thesis. The Medical School of the University of Pennsylvania 
did this, and on June 8, 1803, John Richardson Young pre- 
sented ‘An Experimental Inquiry into the Principles of Nutri- 
tion and the Di&estive Process” to the faculty at Penn. 

I was at Penn, long, long ago, and I know about Young. 
There was a plaque on the wall of the Physiology Department, 
giving his dates, 1782-1804. I was extremely hard up, and my 
way of passing my free time was to roam the stacks of the 
library. I ran into the medical theses. There are shelves and 
shelves of them. I took out the 1803 volume, and I read 
Young’s thesis. In fact, I read all the theses in the same vol- 
ume, and I wish I had taken notes. They are chiefly materia 
medica. Each is prefaced by a beautiful hand-colored engraving 
of some native American plant, and the thesis describes what 

35 



happens when one eats three ounces of the dried leaves. The 
pulse increases and becomes thready. Here is the ghost of 
William Whithering wandering around America. There is also 
a demonstration of Hegelian logic: thesis and antithesis, for 
one thesis shows that digestion is not a chemical process. 

You too can read Young’s thesis without going to Penn, for 
William Rose has published a facsimile edition of it (7). 
Mendel at Yale gave a seminar on Young and got Rose inter- 
ested in him. Then the history of Young was uncovered by 
Howard Kelly who read a paper on Young to the Johns 
Hopkins Historical Club on April 8, 1918. This has been 
published (8), and you can look it up to find all that is known 
about Young. I won’t tell you who Rose and Mendel and Kelly 
were, but you ought to know they were good men who did 
important work in their day. 

What Young did in a very short time was to do away with 
theories of innate heat and vital spirits in the process of diges- 
tion. He disproved that putrifaction and fermentation were 
part of digestion, and he showed the presence of acid in gastric 
secretion. He did well-thought-out experiments on animals 
and on himself. He got gastric juice in vitro and studied its 
properties. He showed that it digested meat and that it pre- 
vented putrifaction. 
Here are pages 40 to 42 from his thesis: 

“The following experiments satisfied us to what this acid 
was to be referred - A piece of fresh veal was introduced 
into the empty stomach of one of the large frogs. In two 
hours it was examined - the surface was a little tender; 
upon being touched with litmus paper, it was turned red. 
Here digestion was progressing quite regular, yet an acid 
was present. It appeared impossible at the time to conceive, 
the meat could become sour, in so very short a time, and 
at so very low a temperature; it was therefore conjectured, 
the acid was to be referred not to the meat, but to the gas- 
tric juice; which the following experiments confirmed us 
in. [No modern Graduate School would let Young get 
away with such punctuation.] A frog was kept starving for 
two days: a piece of litmus paper was then forced into its 
empty stomach, by means of a pair of forceps; upon being 
drawn out, it was covered with gastric juice, and the litmus 
turned red. The naked gastric juice was afterwards, often 
examined, by bringing it out of their stomachs with a tea 
spoon, and constantly found to be slightly acid. Being thus 
fully persuaded the acid, in the digested food of frogs, did 
not arise from a fermentation, but was to be referred to 
their gastric juice, we were lead by analogy to suppose, 
the acid of our own stomachs was to be attributed to the 
same origin. But this analogical reasoning might be called 
mere probability: the following experiment was therefore 
performed. Early in the morning my stomach being empty, 
I irritated my fauces, with a view of throwing up some 
gastric juice: though many efforts were made, none could 
be vomited. The following day, I took some meat on an 
empty stomach: in half an hour afterwards, by irritating 
my fauces, the meat was thrown up, and with it some gas- 
tric fluid: Upon being tested, an acid was very evidently 
present. Here no one can suppose the acid was to be re- 
ferred to the meat. We have little hesitation, therefore, in 
saying, that the acid so constantly found in the stomach 
of man, and almost (probably) all animals, is to be referred 
to their gastric fluid. 

“HAVING thus, we hope, traced the acid of the stomach to 
its proper origin, we next attempted to ascertain its nature 
by chemical tests. Mr. Mitchell being in good health, and 
having the power to ruminate, frequently threw up the 
contents of his stomach for me; which being filtered a 
transparent and acid fluid was obtained: on this fluid the 
following experiments were performed. 

“I. To a portion of the fluid, acetate of lead was added, a 
white precipitation immediately took place: this being 
washed, muriatic acid was added, which decomposed it, 
a very white powder remaining at the bottom, and a fluid 
above. 

“COMPARATIVE precipitation of urine and this fluid, by 
the above agents, were in every respect the same. The 
explanation of urine treated in this manner is, that phos- 
phoric acid of this fluid, decomposes the acetate of lead, 
forming an insoluble phosphate of lead; this being washed, 
by the addition of muriatic acid it is decomposed, Plum- 
bum cornuum or a muriate of lead formed, while the 
phosphoric acid remains in a liquid state above, which by 
disoxygenation affords phosphorus. 

“THOUGH great accuracy, many and varied experiments 
are required to ascertain certainly, the presence of an un- 
known acid, yet we are disposed to believe that any person 
who had witnessed the great similarity in the comparative 
precipitations just mentioned, would have pronounced 
the same explanation was to be applied to both, or that 
the acid in the filtered fluid was the phosphoric.” 

This is the first attempt, a successful one, to demonstrate 
acid, its origin and its nature. He got phosphoric acid in his 
chemical analysis, and he added muriatic acid, which is hydro- 
chloric acid, to his precipitate. 

Young died a year later, apparently of tuberculosis, and his 
thesis had no influence at all. This raises the question of the 
value of obscure work. Did Leonardo da Vinci contribute any- 
thing to science? 

The man who gets the credit for discovering the secretion 
of hydrochloric acid is William Prout, F.R.S., who lived from 
1783 to 1850 and who was a practicing physician. Let me 
point out to the anti-medical group that constitutes graduate 
students in a medical school that this discovery and many 
more were made by M.D.‘s who were hard at work taking care 
of patients. Prout published a short note in the Philosophical 
Transactions of the Royal Society (9). 

“The contents of the stomach of a rabbit, fed on its natural 
food, were removed immediately after death, and re- 
peatedly digested in cold distilled water till they ceased to 
impart any thing to that fluid. The whole of these different 
portions of fluid, which always exhibited strong and 
decided marks of acidity, were then intimately mixed 
together, and after being allowed to settle, were divided 
into four equal portions. 
1. The first of these portions was evaporated to dryness 
in its natural state, and the residuum burnt in a platinum 
vessel; the saline matter left was then dissolved in distilled 
water, and the quantity of muriatic acid present determined 
by nitrate of silver in the usual manner; the proportion of 
muriatic acid, in union with a fixed alkali, was thus deter- 
mined. [Once more, punctuation trouble!] 
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