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IN T TîODU C TI Oil.

The importance of keeping in close touch with as many investigators as 

possible in the field of metabolism in Europe as well as in America cannot 

be too greatly emphasised. A certain number of individuals can become fa

miliar with the work of the nutrition Laboratory through personal inspection 

and the conduct of researches therein, and a larger number can read the re

ports. There still remains, however, a large number of individuals who 

cannot obtain an adequate idea of the work of the Nutrition Laboratory, or, 

indeed, of the opportunities offered there for work, without personal asso

ciation with some member of the laboratory staff. This is particularly 

true of foreign investigators.

The periodic tours in Europe which have been made by members of the Labo

ratory staff serve a number of well-defined purposes. First, they enable 

the representative of the Nutrition Laboratory to find out all that is new 

in the equipment and design of foreign laboratories and apparatus. This 

point was especially emphasized during my tour in 1907. Innummerable points 

in connection with the construction and equipment of foreign laboratories and 

apparatus we re found invaluable in the final arrangement of the Nutrition 

Laboratory.

Second, while a scientific investigator may write a description of his 

apparatus in the most beautiful language, he will, without fail, inadvertently 

overlook certain important minor details, which, though they may not affect the 

principle or the apparatus, nevertheless play a very important rôle in tne 

successful conduct of experiments with it. Hence, a personal inspection ana 

an examination of the methoa3 used by its originator are often of very great 

value.



Third, no two men work on exactly the same line, although working in the 

same field, and a consultation "between those working on the same general plan 

often gives opportunity for an interchange of ideas that is productive of 
great results in economy of time, since one learns what not to do, and impor

tant suggestions and advice are received regarding the possibility of the con
duct of more carefully guarded experiments.

To those three suggestions of the value of a visit to European labora- 

tories3 there may "be added a large number of minor points, such as the infusion 
of the personal element into the interpretation of reported results; the devel
opment of a spirit of scientific activity rather than of polemical discussion; 
and the equal extension of academic courtesies, together with the establishment 
of a spirit of fellowship and cooperation.

The foreign correspondence of the Nutrition Laboratory is large; the in
terchange of minor reprints, etc., is also extensive; but with the delay inci

dental to the publishing of scientific articles in many journals, it frequently 
happens that experimental work may be duplicated unwittingly and hence one can

not be in too intimate touch with workers both here and abroad. With the es

tablishment of the annual meetings of the different scientific associations and 
scientific societies in this country, there is amp)le opportunity for mutual in
tercourse and exchange of ideas among American investigators. Furthermore, 
while the travel required to attend these meetings is greater than in Europe, 

so far as the number of miles is concerned, nevertheless, the American habit of 
travel is such that an interchange of visits between members of American scien
tific societies is much more frequent than is the case on the older continent.

It is gratifying to relate that each year brings an increased number of 
visitors from foreign shores. It is also of interest to note that it is very 
clear that the reports of these visitors on returning homo have always resulted 
to the credit of American research, but it neverthless remains a fact that for 

free and intimate intercourse between American and foreign investigators,

periodic visits to Suropje by American workers are also necessary.



Three years ago when inaugurâting this system of periodic tours in 

Europe, my primary object was to study the equipment of laboratory buildings, 

laboratory rooms, and the designs of apparatus, with a view to introducing 

many of these ideas into the construction and equipment of the Nutrition 
Laboratory. As has been said before, this has been hi^ily beneficial.

On my tour in the spring of 1910, my object was quite different, namely, 

for consultation with European investigators in regard to the planning of ex
periments, securing more detailed opinions and instructions in regard to 

many published researches both from the Nutrition Laboratory and from other 
laboratories, and particularly to consult with the eminent clinicians of Europe 

with regard to the research on diabetes now in progress in the laboratory.
The uniform courtesy and consideration with which I was received in all labo
ratories is a new testimonial to the appreciation of the Nutrition Laboratory 
by foreign investigators.

While these were primarily the reasons for talcing this trip, other 
material of value to the Laboratory was simultaneously accumulated. Thus, 

approximately 80 to 100 photographs were taken of new or modified apparatus 
which had been developed since my last visit of three years ago, and a col
lection of reprints, supplied by the different investigators, was obtained 

for the Laboratory, these reprints being frequently accompanied by notes made 
by the investigator or myself with regard to particular points in the publi

cation. Opportunity was also afforded to purchase a number of pieces of appa
ratus of different types, which seemed to me advantageous and desirable for use 
in .the Nutrition Laboratory.

The tour covered very much the same ground as that taken three years ago, 
somewhat more time being given to Scotland and England than previously. A list 
of cities and institutions visited, as well as the investigators personally 

seen and consulted, is given on the page following the title page. Before 
leaving for Europe a letter was sent to each one of the physiologists and chemists



that I planned to visit, requesting specific statements with regard to the 

possibility of their being absent from their laboratories during the period 

from March 1 to July 15. Prom the replies to these letters, a schedule was 

arranged which enabled me to make connections with every investigator origi

nally written to. It is of interest to note that the schedule was rigidly 

adhered to and throughout the whole trip I failed to see but two of the men 
I had planned to visit, Professor .Kronecker of Berne and Professor Landergren 

of Stockholm. Both of these were ill at tno time of ray visit and were unable 

to receive me. Obviously a large number of individuals who were not in the 
original programm were mot and consulted with wnile on the trip.



BHUS3HLS, BELGrIUH

Solvay Institute.

Professor Höger, and Pr« Phlllipson.

As I was unable to see Professor Hêger on ray trip to Burox>e three years 

ago, I was especially desirous of including the Solvay Institute in ray tour 

for this year, and so arranged to go to Brussels first. The Solvay Institute 

was estaDiished and is supported Dy Mr. Solvay of tne Solvay Chemical Works.

It is located in a beautiful building, especially erected for tne purpose, 

which forms an impressive decorative feature of Parc Leopold. The building 

is very ornate, almost too much.so for a scientific laboratory, but in tnis
f

tne arcnitect followed tne donator’s wish. (See Pig. 1.)

The history of the building is very interesting. As the University at 

tnat time was not empowered to nold property and, indeed, has Dut recently 

been granted this power, tnare was considerable difficulty asout building 

the laboratory. The laboratory was built upon land belonging to the city 

and practically given to Professor Hêger. Ultimately, of course, it passes 

to the control of tne University.

For a long time considerable difficulty was experienced, also, in finding 

a suitable director. Professor Höger,-who was Mr. Solvay’s physician, was 

called upon and suggested a good many men, but for one reason or other, they 

were not chosen. Finally, at the urgent request of Hr. Solvay and otners, 

Professor Hêger gave up his private practice at a great sacrifice and accepted 

the directorsnip of the laDoratory. Mr. Solvay allows 50,000 francs a year 

for the institution, of which Professor Hêger receives 10,000 francs for his 

services as Director. This sum of 50,000 francs is given to Professor Iiêger 

direct each year by Mr. Solvay himself, but without doubt, there will be a 

provision made for its continuance, certainly as long as Professor Hêger lives,
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and, indeed longer, as Professor Solvay*s son is also interested in the 

institution. Professor Hegêr is not now actively engaged with the Univer

sity. He was made an Honorary Professor two years ago, which is probably 

equivalent to our Professor Emeritus. Although still the Director of the 

Solvay Institute, he is not, I think, actively engaged in research,

The building is divided into two parts, one part being used for the 

Solvay Institute of Physiology, and the other for the University Laboratory 

of Physiology. In the University laboratory, medical students are engaged 

in practical work, while the research is carried out in the Solvay Institute.

The large windows of the building were designed by the architect under 

protest from Professor Ilegêr, and have since been found impracticable. As the 

rooms are very high, Professor Ilegêr finds that they are difficult to heat, 

but this height was also insisted upon by the architect. At first double 

windows were used, but they were difficult to clean and were removed as it 

was found that the heating problem was not insuperable. The convection 

currents from the windows are, however, very annoying to the workers. Y/hen 

I was there, a large stove was placed in the middle of the room and the stove 

pipe running^the air out through the window certainly looked very incongruous 

in its elegant surroundings. In two of the larger laboratories a gallery 

helps to increase the available floor space. Pigs. 2-8 give views of the 

interior of the Solvay Institute, and also of the Stas collection vhich is 

located here.

’.Ir. Solvay.- The Solvay Institute was not at first, I think, a true philan

thropic idea on Mr. Solvay*s part. Mr. Solvay is a most interesting man with 

innumerable Ideas, and much interested in science. He has, however, many fan

tasies, particularly with regard to the rôle which electricity and phenomena 

of that nature play in life. In fact, he thinks that all action in life can be 

explained by chemical action and electrical properties. In an article recently 

published in the Bev. gen. sei. pur. app., 20, 982-5, Mr. Solvay enunciates 

three fundamental hypotheses to serve as a basis for the consideration of



Fig. 1 Institut Solvay au Parc Leopold
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Pig. 2. Photograph of the lecture room in the Solvay Institute.

The arrangement for darkening the room with sliding curtains is 

shown around the wall, and also the tablets bearing the names of eminent 

scientists, particxxlarly of chemists and physiologists. These tablets, 

which keep the memory of these men constantly before the students, are 

certainly worthy of imitation.
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Fig. 3. A view of Professor Héger’s private office
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Fig. 4. Tablet presented to the Solvay Institute lay Professor 
Hêger*s forner pupils, in celebration of Ms

£5th anniversary as professor.



Fi". 5. Collection of modals belonging to Stas.

Professor Héger, at the request of lladame Stas, looked over and 

arranged the scientific material left hy Stas, and found this most in

teresting collection of medals in a large box marked "Samples without 

value". They represented decorationSand medals given to Stas for emi

nence in scientific investigations. The whole thing is typical of the 

modesty of this marvelous scientist.
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Pig. 6. Photograph of chemicals, apparatus, etc,, employed by Stas in

many of his fundamental researches.

Of special interest is the small platinum crucible in the right 

side of the case. Thi3 was handed down from Lavoisier to Thenard, from 

Thenard to Dumas, and from Dumas to Stas. Beneath this case is shown a 

part of a balance constructed by Stas himself when a boy of ten years.
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pig. 7. Photograph showing more in detail the balance constructed by

Stas.
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Pig. 8. Balance employed by Stas in many of Ms determinations of

atomic weights.

On a table at the right is a bottle which bears the interesting la

bel ''Baa pare, 1852". This was prepared by Stas and the water today is 

absolately anclouded, and looks as clear as crystal.



physiological processes from the physico-chemical standpoint, these hypotheses 

constituting a program of research covering certain problems. These are to 

discover: Methods of identification for, and analysis of, the varioiis cataly

tic agents-; methods of differentiating races, species, and Individuals by the 

characteristics of their respective catalysts; methods of attach on the question 

raised in the other two hypotheses. In the hope of stimulating research 

along these lines, he has offered 50,000 francs as prizes to the authors of 

the best articles on any of these problems sent to the Solvay Institute before 

Jan. 1, 1914. (See abstract of article in Chemical Abstracts, 4, 10, p. 1251).

The work of the Solvay Institute.

In the Solvay Institute there have been no experiments on man, and practi

cally all the researches have been carried out with animals. There is a fine 

operating room, with adjoining rooms for washing, disinfection, etc.,— all 

intended for experiments with animals. As a part of this equipment I noticed 

a small Saarbruck chamber for thoracic operations on small animals.

Toxicity of urine.—A number of experiments have been made in Ilêger’s labo

ratory on the toxicity of the urine of an epilectic son of one of the laboratory 

dieners. These experiments, which were made on rabbits, seem to show that 

there were no toxic properties in tne urine itself. As far as I know, a 

report of the experiments has not been published.

Glandular secretions.—Considerable work nas been done on glandular se

cretions and a number of papers nave Deen published. Demoor and Van Leut pus- 

lished a paper from the laboratory of the Solvay Institute aoout 1907, and tne 

conclusion was tnan when tne thyroid body of a dog was injected into a raDbit, 

the serum of the rabbit became tnyroid-toxic to tne dog. Anotner paper, pub

lished by De Meyer about 1909, shoved that when the pancreas of a dog is in

jected into a raobit, the serum of this rabbit was insulo-toxic to the dog, 

and tne dog became diabetic. Another paper Dy Mas^ay snowed tnat '.hen tne 

hypophyse of a dog was injected into a rabbit, the serum oi the rabbit became 
nypopnysiotoxic to the dog. These experiments were repeated, and tne dogs
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died, but as Hêger says, there is also a lethal material in the serum. 

Evidently the investigators simply tried to see if the dogs would die and 

the serum was given intraperitoneally. One dose was given and then it was 

repeated a week later. They found that the Islands of Langerhans decreased 

greatly and while they were not wholly gone, most of them were'destroyed* 

there was no evidence of a regeneration. The investigators did not study 

the effect of a small dose to see if the Islands of Langerhans would be re~ 

generated.

Discussion with Dr. Hêger.
Discussion of Dr. Meitzer's insufflation scheme.- I called Professor 

Léger's attention to the insufflation scheme of Dr. Meitzer and he was very 

much opposed to it. First, he thinks it is necessary to perform tracheotomy 

and this in itself is dangerous, since there are then two wounds, one of the 

injury and the other produced by the tracheotomy. Second, the natural 

filling of the alveoli through expansion and dilatation of the chest wall 

under these conditions gives the best flow of blood, that is, we dilate it 

from without. If we dilate it from within, then the capillaries between the 

epithelium and the walls of the alveoli are choked, more work is put upon the 

heart, and the subject dies. Professor Hêger considers any pressure on 

the lungs harmful, or any resistance in the breathing. Sven with adenoids, 

there is a decreased pressure and it is bad for the lungs. Personally I 

cannot see why it is so bad, for if there is a resistance in the nasal 

passage, there will be a greater dilatation of the chest wall,and this will 

tend to distend the alveoli.

High versus low protein.- Hêger thinks that we have an enormous reserve 

in the blood which is but slowly brought into circulation and hence can be 

of great assistance when needed. He says that if we breathe carbon monoxide, 

we get a great deal of carbon monoxide in the lungs, some in the liver, but 

very little in the spleen and other organs. This shows, therefore, that not all 

the blood is brought into circulation. With some men there is unquestionably
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a larger amount brought into circulation than in others; by bleeding ana 

putting in a Ringer or physiological salt solution, however, the blood can be 

orought into circulation. This is the reason vhy in so many cases of carbon- 

monoxide poisoning, it is of no use to tranfuse blood, but if the subject is 

bled and salt solution introduced, the other good blood can be brought into 

circulation. This is really a development, or another phase, of the idea ox 

"factors of safety" brought out by Dr. Meitzer in his lecture in Hew York.

Hêger referred to the fact that if a man loses one arm, the other arm does 

the work of both and in many similar cases, the great reserve in the body is 

utilized to make good a loss. He believes that 125 grams of protein represents, 

perhaps, the higher limit and about 75 grams the lower limit, but the 125 grams 

may not be needed every day. I suggested the "Baustein" idea and he agreed 

with it fully. He spoke of building a house and needing a piece of wood for 

a door-jamb, and said that while a great deal of wood of various kinds is 

brought into the house during its construction, the one piece for this jamb 

is especially selected. He believes that most people get aoout 125 grams of 

protein a day, and tnat a student of his in the Congo District found about thi3 

amount among tne natives. Another of his students working in tne interior of 

China., also found this amount. They made no analyses unfortunately but 

weighed and calculated from the probable composibion. Professor Hêger thinks, 

however, that it is a fact that all individuals take about 125 grams of protein 

a day. After I spoke about the "Baustein" idea, he tnougnt tnat we may get 

tne particular fragment needed in one piece of meat rather than in half a ton 

of vegetables. All animals are first raised on animal protein, mammals on 

milk, Dirds on eggs, etc., and thus man naturally needs it. The greatest 

rapidity in growth is during tne period when human beings or animals are 

feeding on animal protein. Wien they live on vegetables, tneir growth is 

usually less, and practically all vegetarians are small. Hêger said he knew 

beforehand that Chittenden must be small and he was most interested when I



told him that he was. Ke says he never knew of a nan who advocated eating 

little who was not small, and consequently did not feel the need of eating 

much.

Höger pointed out that between chemical enorgy and heat there may he a 

great many intermediate steps. He said that perhaps in the next 500 years 

we shall learn something about these steps and he able to identify them and 

to develop a technique so that we can measure them, particularly the possibil

ities of energy changes in intellectual activity. Höger remarked that Dr, 

Higgins weighed 110 kilos, and was suffering from gout, and he also believed 

that Ur. Fletcher was not mentally active, that is, he was rather quiet and 

doubtless did not need much protein.

Discussion of respiration apparatus.— At the time of my visit, Pro

fessor Höger had Just received a reprint describing our small respiration 

apparatus and spoke very kindly of its possibilities, as he believes thor

oughly in the principle of no3e-breathing. I reported that we were making 
a study of the kind of respiration before and after the valve is thrown.

As a result oi this talk with him, it appears to me very advantageous that 

we should get more pneumograph curves before the experiments begin, and while 

the subject is breathing with and without the nosepieces. The subject should 

be required to lie still and unknown to him, tracings should be made before 

the nosepieces are inserted in place. Y/e should also get tracings after the 

nosepieces are inspected and inserted before the actual experiment begins.

In commenting on the work of Albertoni in Italy, he said that he con

sidered it very good and extremely interesting. He is strongly opposed to 

the Suntc mouthpiece and nose-clip, and he believes that they are liable 

to do harm. He also mentioned an apparatus designed by Ludwig which determines 

the carbon dioxide and oxygen in the respiration of muscles, on which our new 

apparatus is an improvement.



Dr, Phillipson.

Among the workers in the Solvay Institute is Dr, Phillipson, v/ho is an 

especially keen, interesting and clever man. His spécifie line of work at 

this time is animal physiology and he has an extremely well equipped labo

ratory on the top floor of the Solvay Institute, At the time of my first 
visit he was working on the "Calendar effect". I do not know what that is.

He is much interested in finding out whether or not the temperature on the 

inside of the muscle rises during contraction. He wants to build a small 

calorimeter on the principle of a Dewar flask, with a resistance thermometer, 

and after stimulating the contractions of a muscle, to measure tne rise in 

temperature of the surrounding air. I suggested that he should use thermal 
junction needles tnrust directly inside the muscle. He has an Einthoven 
galvanometer but says he does not like it very well, as the strings are 

easily burned out. I first saw here the very good photographic registration 
apparatus of Frank, a view of which is given in Fig. 9. This apparatus 

registers electric currents, etc., and it is necessary to use a prism to 
turn the light 90°. He uses the Blix-3andstrom electrically-driven ky
mograph as a motor for rotating the photographic registering apparatus. This 

combination I saw in a number of laboratories. Dr. Phillipson is evidently 
a man of many interests and a very enthusiastic scientific worker.

General criticism of researches at the Solvay Institute.
Evidently many of the experiments connected with the researches in the 

Solvay Institute are incomplete and lack adequate verification. The in
vestigators are too often easily satisfied with results and too frequently 
arrive at conclusions tnat one always fears may be disproved by subsequent 
experimentation. This is a point of much interest, especially as it is 
evident that the same is true, to a certain extent, of many Belgian researcues

These researches tend toward tne superficiality and, at times, brilliancy 

of much French work. Indeed, the general impression received is tnat tne work
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Fig* 9* View in the laboratory of Dr. Phillipson.

The Blix-3andstrom kymograph is in the immediate foreground on a 

small table. At the right on the laboratory table is the Frank photo

graphic registration apparatus, and the galvanometer is in the box in 

the rear of the room in front of the iron girders. Various resistances 

and potentiometers are on the table at the left and on the table with 

the photographic registration apparatus.



is iar j-YOtn. fundamental in character» The haste of the clinician to {jet, 

results and the unwillingness to maho a deep thorough. investigation of a^y 

one point is so constantly in mind that one wonders if Professor linger*s 

long experience as a clinician has not to a certain extent unfitted him for 

tne direction of research in a laboratory devoted to scientific research.

The personal charxn, brilliancy of speech, and reraaritauiy extensive Know

ledge of science in general possessed :jy Professor ïlêger, to a degree envied 

Dy all wno iaiow him, do not, however, contribute to his capacity for the 

direction oi assistants in the field of pure research. Even an inspection 

of nis earlier worK does not materially alter the general theses nere laid 

down, i.e., tnat years of clinical experience do not mane for auility in

abstract research
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BOHH, SEBMAHY.

Tier-physloiogisches Institut«

Professor Oscar Hagemann.

In "Cue past three years Professor Hagemann iias maae consiaeraule progress 

with the development of his apparatus but he is still woefully floundering in 

a maze of details and irregularities. The general installation of the appa

ratus in the Institute seems to have been very costly, and indeed, it was. On 

close examination, it is seen that there is a lack of uniformity in all of the 

investigations, a spirit of disinterestedness on the part ox the assistants, 

and a general ieeling on the part oi the visitor that the apparatus is alto

gether too large and too complicated to be thoroughly understood and properly 

manipulated under the present conditions.

Assistants u3ed in the researches.-Three years ago one great difficulty 

was with the assistants. The men employed at that time were German students 

wno drank; a great deal and as a consequence were wholly incapacitated for 

scientific work trie morning following their indulgence, although tuey were 

aole to De around, of course. More recently Professor Hagemann has adopted 

a plan that I used in Middletown, of employing ladies for short periods as 

needed. These young ladies live in Bonn and while tuey are comparatively 

well-to-do, and not oDliged to support tnemselves, they are, nevertheless, 

glad to get the extra income. They are paid 20 cents per hour ror day work 

and 2ö cents per nour for night work, and come when needed. As tney are 

not otherwise employed, they are always available. These assistants are very 

versatile, and not only compute, but work at tne observer's table, and make 

tne pnysical observations, also. Each woman works 4 hours at a time at 

the table, and stands the whole period. Others make tne calculations but 

adhere to the regular hours per day, wniie still otxicr assistants weigh U-tubes
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Pig. 10. Professor Hagemann in his laboratory.

In the foreground may be seen a large coil immersed in very cold 

alcohol, which is used for conducting water out of the current of air. 

A large balance for weighing these coils is behind the curtains in the

closet at the right.
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and carry out tne minor chemical operations. Professor Hagemann finds xnat 

■cue women give mucn better service tnan men.
In using this kind of assistance, however, ne is evidently firmly impressed 

with tne ueiiei tnat there may be a falsifying of records and he has therefore 
attempted in every way to mane all manipulations automatic and self-controlling. 
In so far as it is desirable to make manipulations and computations in con

nection witn metabolism experiments self-controlling and automatic, I agree 
with him fully, but it is almost amusing to see his firm belief that if given 

an opportunity his assistants would combine to cneat him.
One striking reason for the lack of coordination is tne tact that no one 

is in charge of an experiment. Eacn individual is given a certain part to do 
and does his or her part utterly independent of anyone else, and no one has 
entire charge, or supervises. Even when the experiment is made at night, 

Professor Hagomann goes home and a girl with an assistant is left there with no 
trained man in charge. Hagemann maintains that nothing can happen, the only 

danger seing tnat tne assistant may get lazy and not properly regulate the heat 
supply« He has accordingly installed an automatic apparatus to show when the 

temperature cnanges are improperly handled, tnat is, a thermometer recording 
the temperature of the ingoing air.

Automatic temperature recorders.- He has a thermal junction system for 
measuring the differences in temperature between the ingoing and outcoming air and 
mintains that if the thermal junctions are kept constant, and the inside tem
perature changes, then the outcoming air will change. Obviously, this tempera
ture difference will be shown on his recording apparatus. In otner words, if 
the thermal junctions are kept at zero, and the inside temperature cnanges, the 
aosoiute uemperafure of the ingoing air must then be changed ana tne recorder 

will shov: when this has teen done. There is also a thermometer in tne out

coming air. This registers from 14 to 20° in 0.1, uut can be read to 0.01, 
as eacn 0.1 equals about 1 mm. Professor Hagemann's reasoning that this



thermometer actually can control a rise in temperature inside the calorimeter 

is "based on the fact that the thermal junction system should always he kept 

at zero. If the temperature of the outcoming air rises as shown on-this 

thermometer, obviously there has been a lack of attention on the part of 

the assistant.

The recorder, which was made by Hartmann and Braun of Framerort, is 

locked up in a case, and the paper last 24 hours. Great'emphasis was laid 

upon the fact that the case is locked, and the records therefore inaccessible 

Professor Hagemann opens this case with considerable impressiveness every 

morning, removes the paper record and is thereby provided with evidence as 

to whether or not nis assistants have been faitnful.

There sire thermo—elements, also, ior the ingoing ana outcoining water 

currents, ana a Hartmann ana Braun recorder registers tne temperature diner- 

ences. For tue water circuit, there are two recoraers, one running irom

a temperature difference of o° to 7°, the other from 6° to 12°. The in

struments are apparently automatically cut-out wnen beyond these scales.

The contact is maae every oO seconds, ana tne paper moves at tne rate of 

aDOut 20 mm. per nour. The scale of eacn instrument is divided into tenths 

of a aegree, each 0.1 ueing equal to about 1 mm. on tne scale. Estimation 

can also De maae to 0.01°. I noticed some of the girls used a magnifying 

glass xor this estimation while otners did not. These recorders were cali

brated by Hartmann and Braun, and Hagemann says ho himself has not recali

brated them. They do not agree with his mercury thermometers Dut ne says he 

Knows why, and that tne mercury tnermometers are wrong. The calibrations 

nave never yet been satisfactorily maae. In further conversation with 

Professor Hagemann, it appeared tnat he had made some slight cnanges in tne 

installation of the thermometers aiter they were received from Hartmann and 

Braun and I do not see wny tnese cnanges snould not affect tne whole cali

bration, and thus vitiate ail nis results. Professor Hagemann's point 

was tnat he could make nis calibrations as well after an experiment with a
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horse, or -when the experiment was in progress, as before. This he intends 
to do suosequenbiy.

I could not see these recorders as well as I wanted to for tney were 

in use, an experiment being in progress. Tney were apparently constructed 

on a principle similar to tne tnread recorder of Sir Horace Drawin, tnat is, 
a pointer moves over a paper and is drawn down Dy a magnet with every con
tact, This set of three instruments, with resistance ttemoneters and 

thermal junctions, cost aoout $500, and are shown in Pig. il. Professor 
Hagemann told mo that Hartmann and 3raun had tnese instruments for medical

use, which would give a control or record of body temperature. He could 

not find tne catalogue in which that font of instrument was shown but gave

me sufficient information regarding it to enable us to obtain the catalogue 
from tne manufacturers.

The day before I arrived in Bonn, Professor Hagemann nad received a 

copy of Publication ITo. 123, wnicn snowed tnat we also nad a temperature 
recorder already in use. This disappointed him very muen, as he had hoped 
to nave something new to show me.

Hagemann is rather in favor of using a large amount of water and a small 
temperature difference, a point on wnicn we did not agree. The only objection 
to tne use of a small amount of water is that the water in the absorbing 
system is sluggish and large temperature differences are slow in recording 
and it is therefore difficult in short periods to get sharply-cut results.

Water-meter.- The small water meter that I noticed attached directly to 
the ingoing water pipe in his calorimeter when I was there three years ago 

was found to be very inaccurate at a slow; rate. This coincided with an 
experience that we had had with a meter of American make. Professor Hagemann 

also told me that there was muen sediment in the water in Bonn during the 
spring and this probably vitiated the readings on the meter.

Automatic register for water meter.- Hagemann has devised a very 

ingenious scheme for recording automatically the flow of water into the large
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Fig. 11. The three electrical registering thermometers of Hartmann 

& Braun in Professor Hagemannts laboratory.

The two lower ones are for the temperature differences of the in

going and outcoming water, and the temperature of the outooming air is 

recorded by the top one.



copper cans used as water meters. The old type of water meter, formerly 
employed in Middletown, in whicn the water is measured by volume and not 

weighed, is still used by him. Attached to the lower end of the water 

gauge levelling tube is a stiff-walled, metal-reinforced tube which con

nects -ehe levelling tube with a cylindrical steel box, partly filled with 

mercury. In this box is a float connected with a stylus and by this 
means, the rise and fall of the mercury is recorded on paper rotating on 

a drum. As the hydrostatic pressure in the copper can becomes greater, 

obviously, the pressure on the mercury is increased and the float is 

raised. When tne can is emptied, there is a sudden fall of pressure, 
and tne pointer goes bach to the original level. The operation is very 

ingenious but is not '#'fool proof", for one of the assistants, or as Pro
fessor Hagemann said "Von tam fool", turned it up partly on edge and con
siderable mercury ran into the pipe leading to the meter can. There is 

one such apparatus for each can and a separate clockwork for each. Pig. 12 
shows this apparatus very clearly.

Inside of tne calorimeter at Bonn, there is a combined registering 
barometer, thermometer, and hygrometer. Also in the outcoming air pipe 
there is a precision hygrometer, (see Pig. 13) which, though I could not 
inspect it carefully, appeared to be a hair hygrometer.

Electric alarm contact.-An ingenious electric alarm contact is used 
to indicate when the air sample pans are too full or too low. In this 
apparatus, which may be seen in Pig. 14, a wei^med brass cylinder slides 
on a hard rui ‘er skidway until it comes to a brass section or wire standing 
upright and an electric contact is thus made, the skidway being inclined 
so as to insure a perfect contact. As this contact is purely mechanical, 

there are none of tne disadvantages following the use of mercury. The 
scheme is a good one but calls for a considerable weight or brass and 
unless the pans are large, tne weight of the brass counterpoise would

cause a noticeable difference in pressure. One ingenious point worthy of
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Fig. 12. Drum for graphically recording the number of times that the

water meter is filled.
The water meter is at the left and communication is made to the 

metal tube near the bottom with a mercury recording apparatus. This 

pen travels up and down over this white paper on a rotating drum actu

ated by a clockwork.



Fig. 13. View showing the hair hygrometer in the ingoing air-pipe 

of Professor Hagemann's respiration apparatus.

This is shown encased in glass in the upper part of the picture. 

At the left is the registering themometer for the outcoming air.
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Pig. 14. Photograph of electrical contact device applying the weight of 

metal against metal and avoiding mercury contact.

The slides are of hard rubber and the contact pieces are strips of 
trass. Violin strings are used in place of wire or cord.
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eomnent is the use ox" violin or cello strings in place of cord or wire.

Differencial manometer on tne water-circuit,- There are two side Dranch 

■cubes near the bulb of the thermometer on the water circuit. These lead to a 

rubber hose on each side of a mercury manometer. The pressure is read directly 

and measured in millimeters of mercury. At the time I heard of these I 

suggested tne possibility of using this plan as a check on the record of tne 

rate of flow of water passing through the system, this bein'; somewnat on the 

idea of a manometer devised by Professor Brodie, now of Toronto, "hen I re

turned from Europe, however, I found tnat our mecnanician, Mr. Collins, had 

already worked out a manometer on this plan vhicn bids fair to be of great 

service to us.

Professor Hageraann uses the pressure as measured on this manometer to 

correct the pressure on the bulbs of mercury thermometers. The necessity for 

this correction was first pointed out by Professor Armsby, I did not under

stand how Professor Hagemann could calculate from this measurement the error 

due to the rxrossure on the bulbs, but he attempts it nevertheless.

Cal primetor experiments.- Yhile I was in Bonn, there was an experiment 

that had been running for several days without interruption with a horse for 

a subject. The horse stood most of the tine and was very quiet, shifting 

his position only slightly during the time that I looked into the window. 

Usually oxen lie down during an experiment but some horses never lie down 

in the calorimeter.

Determination of carbon dioxide.-In a train of U-tubes for absorbing the 

carbon dioxide of samples from the ingoing and outcoming air, Professor Hagemann 

uses a strong caustic potash solution inja U-tube through which the air passes 

just before it enters the sulphuric acid U-tube. These U-tubes are of his own 

design and cost 5 or b marks each, and a great many of them are used in an 

experiment, as may be seen in Pig. lb. Part of these tubes are filled with 

30da lime, part with sulphuric acid, and part with caustic soda solution.

The balance used for weighing these tubes and tne method of weighing several
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tubes at once may be seen in Pig. 16. By weighing all of these tubes at 

one time, he obtains the total amount of carbon dioxide absorbed, but as his 
purifying train consists of caustic potash, soda lime, and sulphuric acid in 

in different vessels, he is unable to differentiate between the amount of 

carbon dioxide absorbed by the caustic potash and that absorbed by the soda 
lime. The air passes through these U-tubes at the rate of about 3 liters 
per minute. A small mechanical suction pump in the basement is used for 

mixing the air current. The Geryk vacuum pump formerly employed is now 

used in connection witn a large vacuum drying oven for drying feces.
Determination of carbon dioxide in the bomb.- After a combustion in the 

bomb calorimeter, the gas is allowed to escape and pass through a gas meter 

where it is measured. The carbon dioxide is absorbed by passing the gas 
through a train of purifiers and in this way the carbon in food, feces, and 

urine is determined. The bomb, which was made by Julius Peters of Berlin, is 
very large and appeared to be about three times the size of the one used in 
this laboratory, but of exactly the same design.

Thermo bar omet erIn tne basement of his laboratory, Professor Hagemann 

has installed a new form of thermobarometer, and uses it in direct connection 
with an Sister dry gas meter. I could not get the details of this thermo
barometer or even a photograph of it as tne room was so dark. Professor Hage

mann is very entnusiastic about it. He reads the meter, corrects the ingoing 
air meter Dy this, and tnen corrects the meters taking air from the two pans, 
and thus has a double check on the reduced volume ox ventilation as given by 
tne meter pump. He snowed me some figures whicn seemed to agree very well out 
I did not follow tne calculations.

Sheep experiments.-I found tnat Professor Hagemann had made digestion 

experiments with sheep, using the harness and urine tubes. Some of the ex
periments covered a period as long as two and a half months. The sheep lie 
down and. seem in every way comfortable.
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Pig. 15. U-tubes containing caustic-potash or soda lime or sulphuric 

aoid used in connection with residual analyses in

Professor Hagemann’s laboratory.
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Fig. 16. Assistant in Professor Hagemann’s laboratory weighing several 

U-tubes at once on a balance. The general type and shape

of the tubes are also shown.
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PublicationsThere is now in process of writing a publication 

describing the whole apparatus in detail. A most marvellous series of 

drawings has been made by a skilled artist and the whole thing will 

probably appear in the Landw. Jahrbücher.

Cost of maintenance.- Aside from his own salary, Professor Hagemann 

has 40,000 LI, for the Institute, but personally handles none of this, and 

all is paid out by the Government direct. Even if a sum of money is 

saved on the salary of an assistant, it reverts to the Government and 

cannot be used for apparatus, etc. The whole institution is subject to the 

Ministers of Agriculture; not long ago a change in the administration 

prevented the making of calorimeter experiments for several months.

He deplored with me the character of the assistants Professor Exintz 

is obliged to use in his laboratory at Berlin, and said that he is the 

only one of Professor Zuntz* assistants who has ever done anything inde

pendently. According to him Magnus-Levy, Durig, and Loewy were never 

assistants of Zuntz.



HEIDELBERG, GERMANY.

Physiological Laoora-cory of une University or Heidelper^.

Professors Kossel and Conmeim.

Plie laboratory is in charge of Professor Kossel, and Professor Cohnheim 

is his associate. Professor Cohnheim is much interested in animal physi

ology» Lut Kossel, whose speciality is pure physiological chemistry, does 

not like or approve of animal experiments. He allows Cohnheim considerable 

latitude in his experiments, however, but the animals cannot be kept over 

the summer recess as it costs so much to keep and feed them. As the appro

priation for the Department is not sufficient for this, the animals are 

killed by injecting chloroform into the heart. Thus it is seen that there 

is no opportunity for Cohnheim to carry out metabolism experiments covering 

a long period.

Quite recently a Dr. Best has opened a private laboratory in Heidelberg 

for experimental research. He is a practitioner interested in internal 

medicine, 'particularly stomach diseases. In this laboratory, he has small 

rooms fitted with tables for operating, and also a yard in tho rear where 

animals can be kept in very good condition. In a visit I paid to this 

laboratory, I found the equipment very simple and practical.

Operation on dog for duodenal fistula .-On the first day of ry visit to 

the laboratory of Dr. Best, I saw an operation for duodenal fistula made by 

Professor Cohnheim on a large St. Bernard bitch. The animal was first given 

an injection of morphine between the shoulder blades, and in fifteen minutes 

became somewhat stupid. She could then be handled and placed on the table 

without offering any resistance. 'She animal was next etherized, the morphine 

making a minimum amount of ether effective. As a large amount of ether is 

necessary when it is used alone, Cohnheim prefers the morphine-ether narcosis.
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In spits of the shabbiness of the room and general absence of hospital equip- 

ment, the disinfection process is carried out withAgreatest care. The animals 

are shaved thoroughly, washed with water, ether, alcohol, and a corrosive sub

limate solution. The cloths used were sterilized by boiling for a long time 

in water vapor, the hands were cleaned, and the coats worn by the two men were 

also sterilized. A large piece of cloth which had been boiled and sterilized 

had a hole in it and this hole was placed over the place operated upon. The 

edge of the cloth was sewed around the hole to the shaved skin, and other 

cloths were placed around to avoid any possible infection. After the opening 

had been made, Professor Cohnheim placed his hands in the abdomen find literally 

"fished around" for the desired portion of the intestine. After he had per

formed the operation, he placed a cannula just behind the pylorus and as near 

to it as possible. A jrubber tube, connecting with a tube inside the cannula, 

carried into the small intestine the digestive fluid passing out of it. Cohnheim 

believes that this injection is extremely important as otherwise, when the 

digestive fluid reaches the opening of the cannula, it is diverted and flows 

out, and is therefore lost instead of passing on beyond. This tends to give 

abnormal results, as the fluid is needed at the pyloric end of the stomach to 

stimulate the movement at the proper time, since the food passes through too 

rapidly without the churning motion. By means of the rubber tube connection, 

however, he has overcome this difficulty.

Commenting on research of this nature in St. Petersburg, Cohnheim tolcl me 

that the stands for supporting the dogs having fistulas did not originate with 

Pawlow but were used for years by Ludwig. He also said that S. S. London, 

who formerly worked with Pawlow, has left that laboratory and not only claims 

the originality of all the work, but tries to eliminate Professor Pawlow's con

nection with it. Professor Cohnheim believes that London's work is all wrong 

and that it is absolutely unjust to publish it, as he does not inject the 

digestive fluid into the small intestine. This should be injected as otherwise 

normal peristalsis and subsequent digestion cannot be obtained. Especially is
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this true when there are one or more fistulas in the intestinal tract.

Cohnheira uses a syrinx and injects 25 c.c. of the fluid falling out of the 

fistula at one time. This is done periodically, sometimes 14 or more suc

cessive times. Great care is necessary to see that the rubber does not become 

clogged.

Cohriheim seems to he very fortunate for he loses very few dogs and can 

keep them several years if the rubber tube does not give out. He prefers 

female to male dogs because they are cleaner and gentler and after the 

operation they 3tand better for the juice to flow. On the other hand, in 

operating there is often danger of striking very large vessels connected 

with the breast and mammary glands that are not found in male dogs. In 

female dogs it is necessary to cut and tie the large blood vessels leading 

to the breasts before going too deep into the abdomen. A serious objection 

to the use of male dogs is that the penis is in the way of inserting certain 

important fistulas. The whole abdomen is clear in the female.
I-

Cohnheim says that many operators do not mind the loss of blood, but rush 

the operation so as to get through as soon as possible. He prefers to save 

the blood and has.very good results. The morphine action lasts two or more 

days after injection, the action is very characteristic. On dogs, it acts 

as a narcotic, but it is very stimulating in its effect on some animals. In 

an experiment made on a goat the following day Professor Conheim used no 

morphine as he did not know what effect it would have on a goat.

Operation on a goat.-Ho experiments have ever been made on the digestive 

action of the ruminants, and consequently he made a stomach fistula on a goat. 

Only ether was used but there was a good deal of saliva and the animal was 

hard to etherise. The preliminaries of the operation were exactly like those

with the dog. After the abdomen was opened, Cohnheim hunted around with his 

arms up to the elbows in the cavity for about 15 minutes for the "Druese 

Magen", lie found everything else and had them out several times on the 

operating table. 'Then he finally found it, he made a stomach fistula, but as



in goats the stomach walls are thinner than in dogs, very careful work was 

necessary. After the cannula v/as inserted, it was necessary to cover the 

wound with "Nets" as this aids materially in healing. The side opening 

suggested by Dastre keeps the fistula out of the wound. The cannula is of 

nickel-plated brass, and has a screw ring on the end to screw it down to hold 

it to the skin. As the wound heals, the flesh has a tendency to cover it, so 
it is neces*ary to unscrew it a little each day as the flesh heals. The cannula 

when not in use is protected by a cap to prevent the dogs from licking it and 

unscrewing the ring, thereby allowing the cannula to slip back into the ab
dominal intestine. Cotton is placed in the cannula to keep out particles 
of dirt.

These stomach and intestinal fistulas areaoften made in Germany. Bickel 
in Berlin maizes them but they are not made much elsewhere. Cohnheim told me
that he had tried to impress upon Professor Cannon the importance of making

«
these fistulas in order to carry further some of his research.

Professor Kossel.- Professor Kossel, the well-known physiologist, has been 
so occupied with his numerous academic duties for the last three years that it 
interferes seriously with his research. He reports that it is very hard to 
get and keep an assistant as there is but little call for rjrofessors in pure 
physiological chemistry. This particular line is not of importance to the 
practising physician and hence is not taken up by many men. when he has a 
large number of assistants he finds it difficult to carry on so many re

searches and therefore prefers to have but one or two men. He approves highly 
of the method employed in the Nutrition Laboratory of having a large number 
of trained assistants who can serve as extra pairs of hands when necessary 
although not capable of independent scientific research. The teaching side 
of Professor Kossel's work is evidently very important, and he is very much 
in earnest about it. He told me that it required a great deal of time to 
keep up his lectures, and when anything interfered with such preparation he

feels very bad about it and thinks that he has not kept up with the times.
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Chemistry of the protein molecule.-In speaking of protein and the amount 

required in the food, Professor Kossel considers that the protein fragments 

may he used even more as a stimulus than as constructive material or 

"Baustein", and certain particular fragments are necessary. He cited the 
classic work of Hopkins on tryptophane.

Alcohol.- Professor Kossel feels sure that the effect of vine is not 

due largely to the alcohol hut to the ethers, esters, and higher alcohols, 
perhaps. Some act on lower centres and affect locomotion, hut others on 
the higher centres. He cited the instance of a vine served in a certain 

locality whore all who were in the room were talking hut no one listening, 

the vine evidently stimulating the speech. The only hexone hase from 
which alcohol can he derived as a chain of 6 carbon atoms is leucin, he 

said, although there is always a possibility of a molecular rearrangement.

Professor Kossel plans to he in America in the fall of 1911, as he 
is to deliver lectures in Baltimore and Hew York, and has promised to 

visit the nutrition Laboratory,



Laboratory of the I Medical Clinic

Drs. Krehl, Siebeck, and Grafe»

Dr. Krehl.-Dr. Krehl is tiie head of tne Clinic and is extremely busy, 

not having much personal time ror research. The Clinic laboratory is well 

equipped, with many pieces of apparatus in it, including a Jaquet respiration 

apparatus, recently built by Dr. Grafe, and an old Bubner respiration calorim

eter for small animals with a volumeter. This latter apparatus was used by 

Krehl a number of years ago. The laboratory is especially well fitted for 

the chemical, pathological, and bacteriological side of the clinical work.

Krehl does not believe in Buhner’s idea of body surface, but says that 

one must go very cautiously in criticising Bubner, for the professors in the 

outlying cities have a very great respect and feeling for the Berlin pro

fessors. This seemed to me an interesting sidelight upon the professors in 

the small university towns and in the large university towns. Evidently 

the professors in Berlin are the most prominent and most important men in 

professional lines in Germany, and Krehl seemed to think that they are well 

aware of that fact themselves. He thinks that Professor Bubner is very 

sensitive to criticism of nis idea that metabolism is proportional to body 

surface, but Krehl thinks that the idea is wrong. Krehl's brother-in-law, 

Schwcnkenbecher, has worked with Rubner and is now at work himself on a 

method for getting tne body surface. Later, I found out from Jaquet that 

both Krehl and Schwenkenbecher had been in Basel to inspect Jaquet’s apparatus. 

Krehl thinks that all the older formulas, such as the formula of He eh, etc., 

are wrong, and has promised to write to Schwenkenbe cher for me and ask him to 

send me material on the subject.

Krehl believes that there i3 an individuality in metabolism, and that all 

people are not alike. Well-nourished women who are not working have, according 

to him, a lower metabolism than that of normal individuals. Speaking of 

diabetes, he said that he had thought for a long time that V/eintraud’s ideas
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Y/cre not right, and that his experiments were too short, hr. Krehl had planned 

to 'ake up this problem with hr. Crafe using their respiration apparatus, but 

now that we have entered the field, he nas decided to drop it. Krehl*s opinion 

of the hunts apparatus is that it is good but only for very short experiments. It 

is certainly remarkable to see the activity exhibited in this Clinic ror a 

small university town. Such men as Krehl, drafe, and Siebeck have certainly 

made possible a great deal of research.

hr, Siebeek.

hr. Siebeck formerly studied with Bohr and knew Krogh, and says that Krehl 

has the highest opinion of Krogh. When in Copenhagen, hr. Siebeck worked on 

blood gases, especially in anaemia, and is now interested in studying alveolar 

air. He uses Haldane's apparatus, but T/ith an improvement.
Slide valve for use in determination of alveolar air by Haldane method.-As he 

believes that a psychical effect is produced by using the tongue to hold the 

opening over the wide tube into which the expired air is passed, ne has had to 

make a new slide valve. This valve is slid to one side after tne expiration 

and thus the subject immediately begins to breathe in the free air and at the 

same time holds the expired air in the tube intact, The apparatus (see 7ig.l7) 

is very simple and evidently very tight. I ordered two and they are now in 
use in the nutrition Laboratory. With his apparatus he has also had a mouth

piece with a mica valve, whicn apparently presented no advantages over the 
Zuntz, the Tissot, or the Durig valve.

Dr. Siebeck is interested in experiments in which air relatively rich in 

arbon dioxide is inhaled and a study made of its effect upon the composition 

of the alveola,r air. He has found it difficult, however, to get a constant 

mixture of carbon dioxide in the air. I suggested that he weigh a bomb and 
make an artificial atmosphere by introducing carbon dioxide into compressed air.
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Fig. 17. Photograph of various nose and mouth pieces and, masks used by

Dr. Siebeck.

Of particular interest is the slide valve in front of the stand near 

the edge of the table. Two of these valves have been made and are now in 

use in the laboratory.
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Spirometer»- Dr. Siebeck has just completed a very ingenious spirometer.

As he is very anxious to eliminate, so far as practicable, the dead air space 

after the air leaves the lunes, the tubes connected with the spirometer are 

made as small as possible, and the air enters from the side instead of through 

the long upright central tube so commonly used. The spirometer is hung and 

counterbalanced by a weight and the volume is read over the graduated arc of 

a circle. Each division on the circle corresponds to 10 c.c. and the whole 

apparatus holds three liters,- a maximum expiration. Unfortunately I could 

not get a photograph of it as there was a very bad. light and the apparatus 

could not be removed, and furthermore, I was too much pressed for time.

Dr. Siebeck plans to analyze the gas of the expired air, say, after the 

first 100 c.c. is expired, then again after 200 c.c., up to the maximum amount, 

This seems to be a very Important study and should be well done by him, al

though he has an enormous amount of routine work in the Clinic to do.

Dr, Siebeck has a Bohr blood gas pump with the water arrangement for 

raising and lowering the mercury. He said that there was always so much 

excess mercury that the water never gets down low enough in the bulb to reach 

the place where the mercury comes back from the vacuum vessel,so that no water 

vapor ever gets over into the pump. It had held wonderfully well with the 

recipients all on for several weeks. It had not been touched for several 

weexs before I came and the vacuum was still less than 1 mm. of mercury, he 

reports that Kro$i*s tonometer is very good but it is very difficult to handle 

it without breaking the capillary column. They had a great many of these tono

meters in the laboratory down stairs but Siebeck said they found them^ard to 

use.

Eig. 18 gives a view of the new type of Pettersson gas analysis apparatus 

in this laboratory. Some extra cocks had been added to it to aid in getting 

a sample. Instead of using pyrogallic acid, Dr. Siebeck glows the oxygen in 

hydrogen and gets very good results in this way, without an explosion. When 

there is an excess of gas, nitric-oxide must be looked out for, but by simply 

Slowing with a platinum wire, this is avoided. He uses compressed hydrogen
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Pig. 18. Gas analysis apparatus used by Dr. Siebe ok in Heidelberg for

his study of blood gases.
This is on the Pettersson principle and was built by Geissler in 

Bonn, the mercury seals making the different parts of the apparatus re
movable, as well as the small chamber for glowing the hydrogen and oxy
gen mixtures. One or two supernumerary stopcocks are added to facili
tate in taking a sample.
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which is very pure hut has a constant error which he has previously determined.

Dr. Grafe.

One of the important reasons for ray going to Heidelberg was to see the 

respiration apparatus described by Dr. Grafe a year or two ago, in which he 

used a headpiece with a rubber band around the neck, thus minimizing the volume 

of the respiration chamber. To my utter astonishment when I went into the 

laboratory, there stood a Jaquet respiration apparatus complete. I had not 

known of its existence but it seems that while I was en route, an article had 

appeared in the Zeitschrift f. Phs^iol. Chemie, together with an article 

describing a series of experiments made with this apparatus on a fasting woman.

Grafe head respiration apparatus.- As a result of the illness of Dr. Grafe,

I was unable to see him except for a moment at his bedside one morning before 

leaving. Dr. Siebeck kindly showed me the laboratory, ana the method of 

using the apparatus. I was informed that Dr. Grafe had practically abandoned 

the use of the head apparatus. It was found in an adjoining room and Dr. 3ie- 

beck put it on while I took several photographs of it. (See Pigs. 19, 20, and 
21). I was especially interested in the rubber neckband. (See Pigs. 22 and 23). 

The apparatus is simple and the closure between the metal wall and tne rubber 

of the neck band is pneumatic, a method used in mai y instances in our calorimeter. 

The especial feature in this apparatus regarding which I wished for information 

is the closure between the skin of the neck and the rubber neckband. I had pre

viously attempted to find out about this point by correspondence with Dr. Grafe 

Dut he did not understand my query. he supposed I referred to the pneumatic 
tube, vhich of course I knew from our own experiments could easily be made tight. 

The method employed by Grafe to make a perfect closure between the skin of the 

neck and the ruober collar is as follows: Pirst, a roll of thin rubber bandage 
is wet and passed around the neck several times, the wet rubber clinging tightly 

to the neck. A rubber sleeve is then pulled down over the head (a very tight fit 

it must be for a great many persons) and the ends laid upon the rubber bandage
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Pig. 19. Vie?; of the Grafe head, chamber in which the head alone is

placed.

A rubber collar fits about the neck of the subject and the opening 

in this chamber. Dr. Siebeck is lying on the couch while the photograph 

is being taken. The apparatus has been replaced by the large Jaquet res

piration apparatus.



Fig. 20. Another view of the Grafe head chamber and also, at the 

right, the bed which is used inside the respiration

chamber.

1



Pig. 21. A view of the 3-rafe head apparatus showing the opening 

through which the head is placed and the cushions for

supporting the back and neok.



Fig. 22. Rubber collar used to connect the neck of the subject with

the head apparatus of Grrafe.

At the right, in the basket, are two small glass vessels containing 

sulphuric acid and pumice stone for weighing the water absorbed in the 

aliquot samples.
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Fig. 23. The rubber neckpiece used for the G-rafe head apparatus, 

somewhat extended, so as to show the general conformation.

At the right are the small glass vessels with sulphuric acid and 

pumice stone, removed from the basket so as to show their shape better.
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which is still wet. This bandage is then further wound around the ends 

p ;’e nQChpiece and around the neck, the moistened portions being care

fully laid against each other. After repeated windings, it is finished 

and uraie and Siebeck believe that the closure is tirait. lie has tested 

the closure once on himself by breathing through a special mouth tube 

and blowing air into the head piece and could see no leak around the neck.

He did not do this, however, with a patient and only once on himself. I can 

see now lor his purpose this method of closure would be tight enough, as 

there is never any pressure inside the chamber. The only criticisms to be made 

ol it are that it must be very trying for a patient and also, as Professor 

Jaquet said later, this great pressure around tne throat must alter the 

character Ox the respirations. Dr. Grafe said that he finally used sur

geon’s plaster to cover the joint.

Jaquet respiration apparatus.-In his description of the respiration 

apparatus built on the Jaquet principle, Dr. Grafe used no sketches or 

pictures. This apparatus is very well built and modern in every way and 

contains a number of new points worthy of special attention.

iirst, the apparatus is so well counterpoised by means of a heavy weight 

on tne end of a rope passing tnrough tne ceiling tnat it can be easily tipped 

up on edge and a patient rolled out of the box on the bed and the box then 

lowered, the idea being to provide for experiments with nervous patients who 

may want to get out of the apparatus very quickly. Krehl, Grafe, and Siebeck 

a ^ed the desirability of this feature. Pigs. 24 and 25 show the apparatus 

when lifted and Fig. 26 when closed. As the box is lowered, it rests on an oil 

seal at the bottom formed by a wooden rira all around tne edge of the box partly 

filled with thick oil, in which the movble part of the chamber rests. The part 

of the food aperture which opens outward is also closed with an oil seal, but 

inside the chamber, the food hole door slides and is pressed up against a 

rubber gasket and fastened wiun two screw clamps. These may be clearly seen

i n. 24 and 25. The air current enters at the top of the chamber in the



•che rear (see Pig. 27) and goes out at the bottom beneath one of the tracks 

on which the bed. rolls, i.e., the track nearest the gas meter. (See Figs.
24 ana 26). The bed is shown in Fig. 28. There are four glass windows in 

the apparatus, and the glass is well fastened into the frames, apparently with 

putty, being heavily and deeply set. It appears to be a good, tight joint, 
with no possibility of leakage. A sketch of the respiration apparatus, with 

measurements, is given in Fig. A.

Alcohol lamp.-For the purpose of testing this apparatus, Grafe has made 
use of burning alcohol. The lamp used is shown in Fig. 29. The alcohol is 

placed in a bottle which is very wide at the place where the height of the 
alcohol is measured, the measurement being made by a small capillary tube at 

the side of the bottle. The alcohol is highly colored with methylene blue 
and I could easily see where the dye had dried on the wick. The outside 
diameter of the vessel at the point where the alcohol was measured was 39 mm. 

The glass is very thin so probably the inside diameter was not far from 35 mm. 
Using the formula, volume equals height timesTT r^, I find r equals 23 mm., 

then 23 x 23 x 3.1416 = 2.4 c.c. for each millimeter in height. As only 10 
to 15 grams are burned in one hour, this would make a very large error for 
this period, but the experiments are always of several hours’ dura.tion and 
the error is thus distributed over several hours. On the other hand, in his 
description of the apparatus, Ur. Grafe leads us to think that this is an 

extraordinarily accurate way of burning the alcohol.
Gas-measuring apparatus.-This apparatus differs from Jaquet’s in that 

Ur. Grafe rotates a meter so as to draw the air like a pump. The same prin
ciple applies, also, to his use of four small meters for determining the 
water content of the ingoing air. (See Figs. 30 and 31). The place where 

the sample of the ingoing air is taken for the water determination may be 
seen in Fig. 32. The water is absorbed in small glass vessels containing 

sulphuric acid and pumice stone, like those I saw; in Rubner’s laboratory a 
number of years ago. These glass vessels in a wire basket are shown in
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Jig. 22. The apparatus for lowering the mercury pipette which allows the 

mercury to escape as a sample is taken is essentially on Jaquet's principle, 

that is, a kind of gear with a pulley and wire running over it. A good point 

is the use of gas stove tuning, i.e., heavily covered tubing, for the mercury. 

Over the end of the middle pipette, There the mercury drops off, is a somewhat 

larger rubber tube which conducts the mercury flowing out into a vessel below 

without loss. The tube is so large in diameter that there is no danger of its 

acting as a siphon. The plan seems to be a very good one.

Dog respiration apparatus.- In the same room with the large respiration 

apparatus was a respiration chamber for dogs. This is shown in Figs. 25, 26, 

and 33. In Fig, 33 the cover is propped up with a small graduate. In sice 

and shape the apparatus looks not unlike that used by Staehelin in Basel, and 

described in the report of my tour in 1907.

Ckts analysis apparatus.- The gas analysis apparatus used in these axperi- 

ments is remarkable in that it is of an enormous sire, the pipette holding 

100 c.c. of a gas sample. Figs. 34 and 35 show the apparatus and a sketch 

with measurements is also given in Fig. B. The important thing is that the 

carbon dioxide part is not water-jacketed as it is below, and is of but small 

volume. The oxygen absorption portion is jacketed, even around the absorption 

pipettes»which are outside the ’rain tank, and very large. Oil is used on the 

surface and Haldane's solution of pyrogallol. The apparatus was made in Bonn 

by Geissler's llachfolger. The carbon dioxide can be read from 0 per cent to 

1.2 per cent and each division is 0.01 per cent. The oxygen can be read from 

19.0 to 21.0 per cent, each division corresponding to 0.01 per cent.
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Pig. 24. The respiration apparatus in Heidelberg showing the chamber 

partly tilted, on a counterpoise weight, with the oil seal

into which the edges of the chamber rest when in proper

position.

The iron tracks permitting the bed to be rolled on the incline into

the interior of the chamber are shown.



Fig. 25. A nearer view of the same apparatus, showing the position 

of the gas meter at the left and immediately back of the

gas meter, the outlines of the dog chamber.

In this view is seen the telephone hanging to the interior wall and 

on the left hand side of the wall, the food aperture with two handwheels 

which press the door fiiroly against the rubber gasket.
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Fig. 26. The respiration apparatus at Heidelberg with the top closed
down in place in the oil seal.

The rope to which the counterpoise is suspended is shown in the im
mediate foreground. The electrical controller is for controlling the fan 

on top which ventilates the interior of the system. The rubber tubes for 

the air pipe are at the left, as well as the gas meter.
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Fig. 27. Rear viev; of the Heidelberg respiration chamber, showing the

opening through which, ingoing air is taken.

The two pipes leading to the sampling apparatus for measuring the 

amount of water vapor entering with the ingoing air are also shown.
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Fig. 28. Bed used inside the Heidelberg respiration chamber.

In the description of this chamber, Dr. Grafe lays great stress on 

the composition of the mattress, and the oilcloth covering. At the foot 

of the bed is seen, folded over, an oilcoth or oilcotton blanket, There 

was also on the bed at this time a regular blanket and pillow. The bed 

is rolled on the traoks into the chamber.
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Pig. 29. View of the alcohol lamp used by Dr. Grafe.

At the left is shown very indistinctly the small capillary tube 

used for measuring the level. About one-third up this capillary tube 

may be noted a mark which indicates the level to which the alcohol is 

always filled. The upper part of the wick is stained with methylene 

blue, and the chimneys are at the right.



Fig. A.- Sketch., with measurements, of ' Heidelberg respiration chamber.
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Pig. 30. The electric motor and gearing used to drive the gas 

meter, which is likewise used as a pump, in the
Heidelberg apparatus.

The axle extends toward the rear wall and there a chain, not shown 
in the photograph, actuates the drum for the four small meters used in 
taking a proportional sample.
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the incoming and outgoing air.
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Pig. 32. Details of the main gas meter for measuring the ingoing

air ourrent.

The large pipette for collecting the aliquot sample of gas is shown 

at the left, also one of the smaller Jaquet pipettes for transferring from 

the larger pipette and for preservation of the sample. The system of pul

leys for lowering the mercury pipettes which allows the mercury to flow 

out gradually is shown at the left.
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Pig- 33. The gas meter in the foreground at the left, the comer 

of the respiration chamber at the right, and in the

rear, the chamber used for small animals.

The part of the small respiration chamber which has the glass win

dow is propped up with a small graduate. The four small meters used for 

taking aliquot samples of the ingoing and outcoming air are shown in part 

behind the large gas meter at the left.

1



Pig. B. Sketch, with measurements, of the Pettersson gaa analysis

apparatus.
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Pig. 34. Photograph of details of the large Pettersson apparatus 

for analysis of the air in the Heidelberg respiration

chamber.

At the right is the pyrogallic acid pipette and at the left the 

carbon dioxide pipette. The bulb for measuring the gas is shown in the 

water jacket in the centre, while a petroleum manometer on the principle 

of Sonden is shown in the background.
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Pig. 35. The lower part of the large analysis apparatus for analyzing 
the ingoing and outooming air of the Heidelberg respiration

chamber.

The portion of the apparatus in which oxygen is measured is completely 

immersed in water; the carbon dioxide portion is below and although jacketed 
with water, is not easily discerned. The position of a Jaquet sampling 
tube in relation to the transferring of the sample to the gas analysis appa

ratus is here well shown.

!
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BASEL, SWITZERLAND.

Professor Jaquet.

Professor Jaquet is now actively engaged in private practice, having a 

private sanatorium not far from Basel, hut ne still retains nis connection 

with the pharmacological department of the University. He has no respira

tion apparatus, but as he has just arranged for an assistant, he nopes to 

oe able to carry out some researches. His interest in mountain experiments 

still continues and he has plans for many other researches. Jeldom have I 

talked with a nan who in so short a time (2 hours) expressed such a multiplicity 

of ideas on so many subjects, and practically all worthy of note.

■S.'LiV-01.™ high altitude experiments .-Professor Jaquet criticises strongly 

the investigations of Zuntz and his coworkers in the higher Alps, and maintains 

that there is an after-effect of muscular work which is apparent in experiments 

in Aie high mountains. He considers it illogical to climb the mountain pre

vious to investigations, as the muscular work involved makes the observations 

useless ior several days. Jaquet has made a large number of experiments on mus

cular work and finds that the increased metabolism after work persists for 

several hours,that there is then a sub-normal result for twenty-four hours or 

more and the metabolism finally returns to normal only 48 hours after the work 

is ended. Climbing a mountain involves a large amount of work which affects the 

resting metabolism which follows. When the after-effect of the work nas passed 

avery important transitional period due to the influence of the high 

altitude has passed and the opportunity is lost. Jaquet said that he had figured 

out a great many of the ’’nüchtern" values given in the Suntz records for days 

after work and "lways found them to be abnormal. His theory is that instead of 

climbing up a mountain, one should use a mountain railway as any climbing on 

the part of the subject makes the experiment of no value. Since there are 

now many hotels very high up on mountains reached by railways, this muscular



exertion can be avoided. This is somewhat along the line suggested "by Durig, 

when, in a recent article, ho expressed the hope that the nutrition Laboratory 

would some time make experiments on Like's Peak. Jaquet was very free in his 

criticism of Zuntz and his former coworkers, although his opinion of Durig was 

of the very highest. He says that Durig»s work rings true, and that he con

siders him to be careful to the last degree and the best of the whole Zuntz 

school. Jaquet considers that the apparatus of Zuntz is too heavy to be 

carried on the back and that aside from the mere load, there is a lot of work 

involved in balancing when carrying it up a mountain.

The mechanical efficiency of the body.-then asked why he thought Zuntz 

gave figures for the mechanical efficiency of the body somewhat higher than 
those reported by Carpenter and myself, Jaquet replied, without qualifying 

his statement in the least, that Zuntz was all wrong, and that there was not 

sufficient ventilation through the Zuntz mouthpiece for a man carrying a pack 
on the shoulders. He considered that the ventilation itself was mechanically 
wrong because it changed the breathing from thoracic to diaphragmmatic, which 

is abnormal. It appears to me, however, as I pointed out to Jaquet, that 
if the work of balancing a load is added to the other work, Zuntz should get a 
lower rather than a higher efficiency than we do. This seems to me a very 
important and very striking point. I discussed the matter quite freely with 
Zuntz in his own laboratory but it is by no means explained as yet. Jaquet 
says that the muscular work involved in bicycling is very effective, and that 

training consists in having the nervous stimulation, which brings other muscles 
into play, diminished to the least. Balancing the Zuntz apparatus must call 
for extra work, and as riding on a stationary bicycle involves no extra work, 
it is natural to suppose that a lower efficiency would be found by Zuntz than 
that found by us. Jaquet tried working on a treadmill and found that after 

12 experiments the efficiency did not alter, that is, a minimum metabolism per 
kilogram was found. In all cases, he made some 60 experiments, but there was 
no change after the twelfth. The training was then complete. Jaquet be

lieves that there are many such operations in life, where, after a short
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training, we obtain the minimum metabolism. He still uses the Speck apparatus, 

with two large spirometers, and carries it up on the mountain on a train, 

doing no work in transporting it or himself.

Researches on obesity;-Jaquet has made some experiments on a girl, 22 
years of age, but the respiration experiments were not successful. The girl 
lost 1800 grams in 24 hours and while in bed, and taking milk lost an addition

al 1600 grams in 24 hours. At the end of four weeks, she went home but in 

another four weeks had gained all she lost. Jaquet uses for feeding fat 

people a diminished volume of liquid, with less carbohydrate, and a fairly 
protein-rich diet. He emphasises the importance of taking into consideration 

the water content of the body, and believes that there are different kinds of 
obesity. For instance, some men eat all day long, breakfasting at 10 a.m., 
later going to a wine room, dining at noon, in a wine room again in the after

noon at 4 p.m. and then dining at 7 p.m., as to11 as frequently eating in the 
evening. This is a clear case of over-eating.

Krehl and Schwenkenbecher have been in Basel and studied Jaquet’s 
apparatus and the latter had worked with it. Staehelin now has a Jaquet 
apparatus in Berlin, and still another is being built somewhere, but I could 
not find out where.

Criticism of Rubner's book:- Jaquet says that Rubner's book, Die Gesetze 
des Energieverbrauchs bei der Ermehrung, is full of errors and he criticises 
it sharply.

Diabetes:-In discussing experiments with diabetics, Jaquet said that he 
thought that in diabetes we have a different kind of body to deal with as com
pared with normal individuals, and that the acidosis of itself might involve 
the enorgy loss in the abnormal cleavage. Personally, I cannot see this, 
for practically all of the minor cleavages in the body are unaccompanied by energy 
changes of any magnitude. The hydrolysis of the protein molecule for example 
has been shown previously to be without material energy changes. Another im

portant point that Jaquet made was that there may be retarded digestion in
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diabetes as he had found this to he the case with fat people. This might cause 

the increase in metabolism that we found, that is, the supper of the night be

fore might not be digested until quite late in the day. This is an ingenious 

idea but I personally am inclined to think that it is hardly probable. We 

should test this on some diabetic, by a fairly long fasting experiment. v/e 

have had but one such experiment as yet, that with Mrs. Feehan (Experiment Ho.

3-1 in Publication 136), but she was in fairly good health, nearly sugar-free, 

when it was made.

Analyses of out-door air.-Jaouet was extremely interested in our work . 

with the Sondèn apparatus for studying the oxygen in the air. I emphasized the 

fact that we found that there was a continual rise in the percentage of oxygen 

as the gas was passed into the pyrpgallic acid. My explanation of the fact that 

there was a distillation of water into the concentrated pyrogallic solution in

terested him extremely, and he said that the same idea had occurred to him 

several years ago. In using the Sondèn apparatus he lowers his mercury so 

slowly that the water flows down the tube very slowly and regularly and the 

same amount of water clings to the side; he thus reads the meniscus of the water 

rather than that of the mercury. This seems to me to be an absolutely wrong 

procedure. In discussing this point further, he remarked that he made some 

sort of correction for it, but how he did not explain. Staehelin in Berlin 

later verified the correctness of my interpretation of Jaquet's procedure 

but believes it is inaccurate.

Comments on other research work.- Jaquet thinks that results obtained with 

G-rafe's rubber collar are liable to be very inaccurate and personally he would 

not think of employing it. Ke thinks, furthermore, that normal respiration 

is not jjossible with this collar. He is rather opposed to the use of the Suntz 

respiration apparatus and, as I said above, still adheres to the Speck form 

of apparatus. When questioned with regard to some recent French work of 

Robin's he was very emphatic in saying that its printing should not be allowed.



HUchternwertContrary to the opinions of Zunts and his coworkers, he 
believe Gefeilt th% QÜÇhternwert cannot be found 12 hours after the last meal. In 

his experiments he has found that not only the respiratory quotient is changed 

in a later period but also the total metabolism, as measured by the oxygen con— 

sumption ana.carDon-dioxide output, and that there is a noticeable lowering of 

of the total metabolism in the later period. Jaquet believes that there are 

many people with slow digestion, and has tested this point with fat people, but 

not with normal individuals. He suggested that we might do this to advantage. 

In still further discussing this question he said that especially erroneous 

results might be found after severe work:, and that he hoped to make experiment’s 

in which the respiratory quotient should be determined 12 hours after different 

hinds of meals, following severe muscular work. He thinks that until the with

drawn glycogen is deposited again, there will be no change, or very little 

change, in the respiratory quotient. (It would be well for us to look up the 

researches of Johansson on this point). Jaquet thinks that there is a great 

disposition on the part of the body to store up the glycogen when it is drawn 

upon.

Experiments on a horse by Hunts and Hagemann.- In discussing the experi

ments on a horse made by Zuntz and Hagemann, Jaquet said that the work was 

carried out with insufficient ventilation and that the horse had a temperature
ax>

increase^the result of respiratory disturbance.

Pris on aiet.- Jaquet has been appointed by the Swiss Government on a 

Commission for studying prison diet. One of the first things he observed in 

the prison diet was the enormous, volume of material eaten. 3y putting into 

a pan the entire food for one day and measuring it, he found that there was a 

total volume per day of 4-1/2 to 5 liters. The measurement included the tea, 

coifee, etc., but not the water consumed and no alcoholic drinks were allowed. 

With the increased cost of food caused by the rise in prices, this Commission 

'.ried to rediice expenses by planning a more economical diet. One important 

economy was in the use of a good deal of peanut oil, which is relatively cheap, 

in a fat which contained some lard to give it flavùr. ' This fat is used only
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j-or cooking and is not used to spread on bread, but the prisoners could so 

use iu if they desired. I pointed out the Tact that Kindhede of Denmark 

advocated using cocoanut or palm oil instead of butter for bread. Jaquet, 

while interested in Hindhede's ideas, said that they had tried pain oil 

and found that the melting point was too high, and that its u3e resulted in 

nany gattric disturbances. One explanation of these ga"trie disturbances 

night be that the fat nay possibly solidify on the lining of the stomach.

It also interferes with the secretion of the gastric juice. As a matter of 

fact, cocoanut or palm oil is used in the manufacture of cocoa, but is not 

used at all in their prison diet.

The prison diet at present contains 90 grams of protein and 2000 calories 

of energy ior light work and 3600 calories for heavy work. Before the Commission 

began to modify it, the diet contained about 50 grams of fat and 750 grams of 

carbohydrates, but now it contains 100 or more grams of fat and a proportionately 

lowr amount of carbonydrate. The protein of the diet was reduced because Pro

fessor Jaquet thinks that above 100 grams is "luxus", but he could not go
t

much below 100 as the diet was to be used for practical purposes in a prison, 

and not for scientific experiments.

A very good way to test the diet is to feed it to the prisoners* most of 

whom are long term men. Each prisoner is given a portion; if he likes the food, 

it will all be aten. The feeling of satiety produced by the new diet made 

all the prisoners complain and at first, they refused to eat. They soon became 

accustomed to the diet, however, and felt better for its use. This diet is now 

taken as a standard for prisoners in all Switzerland.

After talking with a man like Jaquet, one can only consider it a very 

great misfortune that the arrangements at the University are not such as to 

enable him to carry out scientific research. He is evidently extremely in

terested in such work but must continue his private practice and hospital in 

order to provide for himself and family. I consider him one of the brightest 

men that I have met in Europe. Such a man refutes strikingly the theory that



private practice unfits a nan for research work, though Jaquet is acknowledged 

by all in Europe to be a very superior nan, both in private practice and in 

research.
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'URI CH, SWTI2 SR LAND.

Pr. Sendg.

A year or more ago Professor Polin of the Harvard Medical School sent 
Dr. Mende, v;lxo was visiting the School, to the nutrition Laboratory. I had a 

very interesting conversation with him and found that in his extensive practice 

in Zurich, he had had many cases of diabetes and is thoroughly of the opinion 
that diabetes is in large part due to autointoxication. Since he is one of trie 

prominent believers in this theory regarding diabetes, I was very glad to 
meet and talk with him.

DiabetesAccording to hie observations, 80 to 90 per cent of the early cases 
of diabetes show signs of autointoxication with an enlarged colon, gas in the 
stomach, etc. Later in life there is less autointoxication, and after 60 years 

of age, none, but whenever there is a high acidosis, there are evidences of in
testinal putrefaction. Dr. Mende puts many of his patients to bed, and gives 
them a diet which contains no meat, but a high proportion of carbohydrate. Oat
meal, potatoes, soup, yolk of egg, macaroni, and milk, or Kessler’s milk prepara
tion form a part of the diet, supplying in all, from 100 to 120 grams of protein. 
The patients remain in bed eight days and then the signs of autointoxication are 
diminished. This is confirmed by the indol and phenol passed in the urine. With 
acidosis, indol and also phenol are present in the urine. Later he gives white 
meats to avoid xanthin, etc. These meats are well-cooked and sterilized. With 
this treatment, the percentage of sugar falls off in many cases. If there is no 
tolerance, he uses aleuronat bread containing 50 per cent of aleuronat, - 
"no bread, naturally". He uses no codein in treatment.

Dr. Menue believes strongly in the nervous origin of diabetes, and cited the 
instance of a girl who had diabetes after infection in the neck. There was also 
some albumen, but no casts, and there was no tendency to diabetes by inheritance. 
As she was approaching coma, she was given some sodium bicarbonate. He has often



tried to revive patients when com ’.vas imminent by injecting some hi$i percentage 

of physiological salt solution; after the injestion, the patient would brighten 

up.

In regard to fresh air and oxygen he has a peculiar belief. He holds no 

particular views with regard to the use of oxygen but thinks that an electric 

fan, with a rapidly moving current of air, is very important. He thought that 

as the fresh air goes by the nose it is of benefit. I spoke of the possibility 

of the sound of the fan acting as a suggestion, and also the possibility of its 

quieting influence due to the effect upon the heat regulation in cooling the 

face by the air as it passed by,

h-iectro-magnecic therapy.- mile in 3oston a year ago, Dr. Llende was very 

enthusiastic about a new electro-magnetic therapy that he had been using and 

was very anxious to have me see it. V.hen in Zurich I went with him to the 

Institute Salus where they treat patients regularly by this method and met the 

man who had invented the apparatus, Mr. Mailer. Evidently Mr. Müller is used 

to giving demonstrations for the uninitiated. He showed me a number of pre 

liminary experiments, which seemed very striking, but I found tlxat the results 

were not unusual for a magnetic field for the amount of current used. The magnet 

ms a laminated bar about 7 centimeters square and about 22 centimeters long,

.^ade up of sheet iron and paper, through which was passed a heavy current of 

40 amperes at 110 volts, with a frequency of 100 per second. Mr. Müller made 

a numocr of experiments with iron nails and iron powder and then placed these 

iron nails and powder in a glass Petri dish and interposed a bar of aluminum 

between the magnet and nails. This produced a very peculiar effect on the 

figures formed by the powder. Finally an iron rod, some 6 inches long and 
1-1/2 inches in diameter, was placed on top of the magnet, and on top of this 

iod was put a ring which was a little larger than the rod and perhaos 3/8 of 

an inch thick. This fell in a rotary spiral rather than straight down. An

aluminum ring of the sane size did not fall. If placed at the bottom of the
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iron rod and the current closed, the aluminum ring will be shot up into the air
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some three or four feet. Ho also hail an aluminum disc with throe cords 

attached to it and these three cords were attached to a wire circle arrange

ment . This aluminum disc was held over the magnet and was repulsed, hut 

the three cords held it from flying up into the air. He also had an aluminum 

hall in an aluminum ring like a glohe and this rotated very rapidly.

He only uses one pole of the magnet and it is necessary to pass water about 
or through it as the heat is very great. He finds it practical not to use the 

other pole and obviously it is not a horseshoe magnet, for he must have an 

alternating north and south pole. The physiological effect he found best 

at 40 amperes. While he has tried other currents, he has reason to believe 

that a frequency from 100 to 120 per second gives the best results. Above 

120, he believes that the physiological effect will cease or at least diminish. 

Any physiological effect to be noted must be within 12 to 20 centimeters from 

the end of the magnet.

The most remarkable thing that I sew in this connection was the optical 

experiment. The magnet was placed in a horizontal position and I was told to 

pass my eye by it and look at a window, but was given no idea of what would 

happen. I noticed a flickering of the light, and bright flashes of light 

appeared in the eyeball. After trying this once or twice, I asked a friend 

who was with me also to try it. He independently, without knowing what I 
had noted, made the same observation.1 Dr. Mende and Mr. Millier are both 

very enthusiastic about this magnetic therapy and maintain that the active 

haemoglobin is always increased after its use. It is of positive value and 

many nervous diseases are bettered.

(1) See discussion of this optical effect with an alternating magnetic field
in Science, Vol. XXXIII, H.S., IÏO. .837, (Jan. 13, 1911), p.68.
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seemed to me the most unscientific and open to question was the fact that in 

measuring the resistance of the body, this resistance varies with different 

nervous persons, being greater than normal with some people, while with others 
it is less, I was told to make the following experiment: Two electrodes 
(metal) were handed to me and I was told to grip them in my hand and hold them 

tightly, I was then ashed to think of something disagreeable, which I 

could not do under the circumstances, and so I was told to think of anything 

I desired. The pressure of the hands on the electrodes fluctuated more or 

less, ODViously, and I found that I unconsciously either diminished or tightene 
the grip on the handle. I was then told to breathe deeply, which I did, and 
was pricked with a needle. These results were supposed to be due to changes 
in nervous conductivity. In actual practice, Mr. Müller uses salt water 

electrodes and lias a glass screen so placed that the patients cannot see the 
apparatus, nor get into difficulty by short-circuiting, etc.

They had made an expieriment with a dog which had trouble with the spinal 
marrow. The dog was treated by this magnetic field method and rapidly re
covered,which proved that the treatment could not be psychical. Mr.Müller 
also stated that he had taken water from Lake Zurich and held it before this 
magnetic field and got some remarkable crystals which he thought might possibly 
be due to the polymerised oxygen. He believes that there is a chemical change 
in the body fluid as the haemoglobin changes and increases. In 30me printed 
matter which he gave me were some curves showing that the conductivity of 
normal individuals increased slowly but that the maximum is reached in half an 
hour. He also finds that the maximum effect of the magnetic field treatment 
is reached in one-half hour. The charge for a half hour treatment for each 
person is, I believe, 3 francs.

Another combination used is a vibrator and the heat from an electrical 
current. Of course this is purely mechanical, the vibrating attachment vi

brating back and forth and giving the vibrations like any other machine. He



had an ingénions supplementary apparatus to apply to the bade of a chair 

so as to give massage. Both Dr. Liende and Mr. Hüller believe that the 

conductivity through the body is chiefly in the nerves at the onds of the 

fingers, and as a larger number of nerves end there, the conductivity would 

be .greater at this point than through the elbows. While the distance 

through tho body is less in the elbows, nevertheless, the number of nerve 

endings is very much less than in the fingers, and consequently the con

ductivity would be greater in the ends of the fingers. With tables, they 

say, resistance goes down very rapidly as the nerves get very tired. I 

notice that they had attempted to interest Dr. Flexner in this natter, but 

he hal failed to see their point. I do not wonder. I asked them about the 

concentration of the salt solution and whether there was not an ionization 

of it. I also asked if the temperature of this salt solution was changed as 

the hand warmed it.in a half hour, and suggested that if such were the case, 

there was a possibility of change in resistance.

On subsequent discussion of this matter with other physiologists on my 

trip, I became convinced of the point that the idea that the nerves conducted 

electricity was entirely wrong. The conductivity depends upon the muscles but 

the nerves are fatty and therefore have a higher resistance than muscles and 
probably the resistance is in large part clue to the skin resistance'1' on the 

surface of the body. 1 was so deeply interested in this as to have some tests 

made at the nutrition Laboratory, all of which pointed toward the fact that 

the conductivity was not due to the nerves. Under such conditions, then, if

this method is used for testing the efficiency of the electroc-magnetic
»

treatment, one can reasonably call the whole theory into question.

(1) Experiments made recently (1910) at the McLean Hospital for the Insane 
at WaverÄr, Massachusetts, have shown that pilocarpine alters this 
resi stance enomously.
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Fig. 36. View of the Burgi respiration apparatus used by Professor 

Kroneeker and his pupils in the experiments on the effect 

of marching in the mountains.

The bellows and the rubber bags for maintaining the ventilating cur

rent of air are shovm inside the casing. These bellows are carried by an 

attendant. The vessel holding soda-lime for absorbing carbon dioxide is

at the left.
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BERNE, SWITZERLAND.

Physiological Institute, (Hallerianium) .

Professor Asher.

I had the misfortune on reaching Berne to find Professor Eronecker 

too ill to see me, and this was a disappointment as I had corresponded 

with him a number of times and had hoped to meet him at the time of ray- 

visit. His associate, Professor Asher, showed me the laboratoiy and 

through his courtesy I was able to secure photographs of two pieces of 

apparatus that I did not get three years ago. Among these were two 

photographs (Figs. 36 and 37) of the apparatus used by Burgi in studying 

the carbon-dioxide output in mountain climbing. These show the apparatus 

ready for use, the soda-lime absorbers and pump being actuated by an 

assistant who walks behind the subject. I also obtained a pho to graph 

(Fig. 38) of the small mercury thermometers used by Eronecker for study

ing the maximum temperature in the alimentary tract.

Asher had the highest appreciation of Durig and Gamgee. Asher’s inves

tigations have been confined to the enzymes and more recently to the iron 

metabolism and the question of the spleen in the higher metabolism. Iiis 

work ha3 been recently substantiated by work on a man and the iron metabo

lism has been shown to be from haemoglobin or a form of iron in organic 

combination; I do not recall exactly what it was. Professor Asher was 

very much occupied in his editing of the Ergebnisse and in this publication 

he is certainly rendering great assistance to physiologists and physiologi

cal chemistry.
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HDlîICH» GrSEHiAlTT.

Physiological Institute of the University of Munich.

Professors Frank and \7e inland, and hr. Iloilner.

Professor Prank, who is the successor of Professor Carl Voit, is not par

ticularly interested in nutrition or metabolism, and at the present time is 

so much occupied with making changes in the building that he has not much 

time for work. The most striking thing that one notices in going into the 

laboratory is the fact that the classic Pettenkofer-Yoit respiration chamber 

and accessory apparatus have been entirely demolished. Practically nothing 

is left. I understand that the apparatus is stored, with a possibility of 

its being installed somewhere later, but it seems to me that it will never be 

reconstructed. The unfortunate feature about the whole thing is that although 

the claim was made that it was removed in order to get more room, the space 

made available by its removal is very small and. for some unaccountable reason, 

in the exact center of the room has been built a dark room used for photo

graphic work. It is very difficult to understand why this is done.

Professor Frank is very much interested in medical pedagogy and is strongly 

opposed to extending the curriculum in medicine. He believes that it should 

not be made too broad and that the students should not be over-tired. In his 

lectures he confines himself to simple experiments and never demonstrates 

more than one form of apparatus: for example, in giving a description of the 

tambour, he shows the Marey tambour and no other. He very strongly criticizes 

some of the American-made apparatus.

Dr. Frank is particularly interested in developing his photographic regis

tration apparatus which I mentioned as having been used by Dr. Phlllipson of 

Brussels, and which I saw in one or two other laboratories. This is made in

giessen and is very good. He has recently arranged to use it in a horizontal
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position so that it will not "be necessary to use a prism to turn the light, 

and will require only to be balanced.

Professor Prank was very much inclined to be adversely critical of a good 

many laboratories and a good many physiologists. He was greatly opposed to 

the use of the Hunts mouthpiece and told of a research he saw made by a 

Russian. Zuntz was there in person, and there was a leak which Zuntz attri

buted to the carelessness of the assistant, but Professor Frank could not be 

persuaded that this was the ..fault.

In discussing the question of the inspiration of oxygen, he reported that 

animals died under a high pressure of oxygen, and that the oxygen seemed to 

act as a poison. V/hy this was so, he could not tell, but he thinks that this 

question should be studied. This fact has been known for a long time. It 

is not a matter of decompression but a toxic effect of the oxygen itself.

I was very much interested in talking with Professor Frank and regretted 

exceedingly that so bright a man was not interested in metabolism and could not 

contribute to its literature.

Professor Weinland.

V/ith the same seriousness and intensity of purpose that has characterized 

his work for a good many years, Professor Y/e inland still maintains an interest 

in glycogen in diabetes. The importance of recognizing the fact that there 

are many steps in the oxidation is well known, and he questions the wisdom 

of attempting to conclude from the respiratory quotient alone whether or not 

there is a defective oxidation. He believes that the heat determination is 

the vital thing. He finds glycogen in the lower animals always, even after a 

very long fast. In studying this point, he believes, that experiments with 

animals can be made to supplement experiments with human beings with excellent 

results. In discussing the use of oxygen, he finds that when shaking a paste
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of the animal tissue and pure oxygen in a warm chamber, there is a larger 

absorption when pure oxygen is used than when air is used. He does not 

think it possible to make these experiments when the mixture is only allowed 
to stann in air, or all oxygen; it must be shaken. This is a very important 

point and suggestive as indicating the possibility of the utilization by the 

tissue of pure oxygen in preference to air.

hr. Keilner.

hr. Heilner is very enthusiastic about hr. Keubauer of Munich and says 
that his work is wonderful, hr. Heilner is now interested in a study of the 

anaphylaxis serum of raobits with fever. This serum loses its activity against 

infection through a fever, either by over-heating in a heat chamber or by 

infection. He is writing a book of selected chapters on pathological chemistry. 

He finds that if urea is injected, much nitrogen is excreted, oven more than 
the nitrogen in the urea, and that the injection of a few centimeters of oil 

increases the nitrogen excretion. All his experiments are made on rabbits. 
Evidently Heilner is rapidly losing his interest in metabolism and the clinical 
features of metabolism appeal to him more than the physiological features.
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Institute ror Animal physiology.

Professors 3rwin Volt and Krumnacher.

rrofessor Voit has a very v/ell arranged respiration apparatus for animals, 

on the Carl Voit principle. In this he uses small liunich gas meters which 

ho calibrates both for rapidity of the passage of gas, and for the changes in 

v/ater revel, and maintains that they are accurate to 0,1 of a per cent. When 

^Illing 'with water and reading the level on the side tube, he leaves the drum 

pointing at zero on the scale.

Vhe large gas meter which is used for the main ventilating current of air 

is shown in Jig« 31. At the back of it, at one side, is the respiration 

chamber and near this, a small respiration chamber entirely of glass. On the 

table in the rear are the tubes connecting with the sampling apparatus. This 

large gas meter was evidently just being calibrated or being prepared for a 

subsequent experiment.

-ne main gas me^er used with the respiration calorimeter itself is driven 
by vat er power and provided with an air-moistening device in front of it. This 

may be seen in Pig. 40. As a matter of fact, this photograph is almost an 

exact duplicate of Pig. 102 in Hr. Carpenter’s report of 1900, on page 252 of 

his report. The connection between the meter and the apparatus itself, however, 

can be seen a little Detter in tne photograph given herewith, as the pipe, 

together with some of the mercury valves, are shown at the right. On the wall 

at the rear are hanging a large number of Pettenkofer tubes for use with 

barium-hydroxide. Any one of several chambers can be used with this main 

a:.paratus. Pig. 41 shows the rear of the meter with the 4-way valve, which, 

v/hen thrown by a lever, connects any one of the chambers with the main apparatus. 

This valve was devised by the diener in the laboratory, and is extremely in

genious, enabling the tour tubes to be deflected at will from one apparatus to

another.
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An improvement over the original system of Pettehkofer and Voit is a 

mercury valve which checks the rate of working of the valve. 3y means of a 

screw at the bottom, the level of the mercury can be rasied somewhat and in 

this way a greater resistance to the passage of the air current made. These 

screws and the valve arrangement are shown in Pig. 42. A small sketch of 

this regulator is given in Pig. C.

The small mercury pump, with the Voit valve used for carrying the air 

current through the small sampling meters, may be seen in Pig. 43, at the 

extreme right of the mercury valve regulator just mentioned. An ingenious 

clamp is also used by Voit to hold the barium-hydroxide tubes, and if one 

were to employ this method, Voit's new clamp should certainly be used.

One of the chambers is completely surrounded by a water mantle (see Pigs. 

44 and 45) so that experiments can be made at different temperatures, a petro

leum regulator in the bath regulating the heating of the water. The same 

general type of petroleum regulator is used in other places in the labora

tory, as, for instance, for holding a bath at a constant temperature of 15°, 

for keeping the water at a constant temperature in calibrating burettes, and 

for keeping standard solutions at a constant temperature. This use of a con

stant temperature is typical of many of Erwin Voit's methods for recording 

temperatures. He is extremely accurate and extremely precise.

The gas meters are calibrated by means of water, before and after each 

experiment, and as previously stated, Professor Voit finds them extremely 

accurate. As a matter of fact, in analyzing the ingoing air, room air is 

used and Professor Volt sees no reason to think that it might be better to 

use outdoor air. These gas meters are calibrated and a description of the 

method of calibrating was given by Voit is a paper in the Zeitschrift f. 

Biologie, 3d. XXII, p. 281, entitled "Ueber die Aichung der Gasuhren". Pro

fessor Voit has sent us a copy of this.

Laboratory construction.- I found much to interest me in the laboratory, 

the construction of the hoods being very good indeed. Structural steel is
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used and the partitions between different sections of the hoods can be 

taken down, allowing nrach greater space. I found that the iron had been 

painted with a special paint called 3essemer Frabe fuer Eisen Anstrich 
Grau (Marke Ambos) sold by Rosenzweig and Baumann, who report that they 

ha/e a branch house in Philadelphia. We have tried to get in touch with 

them. Voit says that the iron must be well scraped and then a thin coat 

of the paint put on as fast as possible. He empjhasizes the fact that this 

coat of paint should be thin. The paint should then be allowed to dry and 

a second thin coat put on. This is the secret of success, he says. The 

Kjeldahl hood had been painted two years before and it still looked very 

well. The paint on the outside of the hood lasts for five or more years; 

on the inside about three years.

Figs. 4G and 47 show very clearly the general type and construction of 

these hoods, which certainly are very roomy and light. The glass used is 

from 2 to 3 mm. thick, find not easily broken. The uprights between the 

door and the hood can be folded up and thus give more room.

determinations.— Professor Voit introduces caustic soda into 
the Kjeldahl flask by means of a glass stopcock, and finds that the strong 

alkali does not cause this stopcock to stick as he keeps it well smeared 

v/ith fat. He uses a short-necked, round-bottomed flask for distilling, 

which holds aoout 400 c.c., and digests with sulphuric acid and phosphorus 

pentoxide in a pear-shaped flask of about 200 c.c. capacity. Mercury is 

used as a catalyzer, and later potassium sulphide is added. The standard acid 

is hydrochloric acid and he titrates with barium-hydroxide,using phenolph- 

thalein. Voit maintains that if one uses sulphuric acid and barium-hydroxide, 

this forms a compound with the precipitated barium-carbonate (3aC03 + BaSO^ 

and one can easily get false results. The sodium hydroxide is measured out in 

a graduate, and the acid is collected in a Volhard flask with two bulbs at 

one side. One ingenious feature is the little glass foot, that is melted 

to the bulb side of the Volhard flask to support it.



A very ingenious drying-oven (Fig. 48) is used in which hot air circu

lates inside the oven in a coiled pipe and goes out through a chimney. This 

chimney lias an annular space through which the water vapor and .gases are with

drawn from the drying chamber itself. Tlius, the air enters the chamber 

preheated. Voit dries materials first at 70°, then at 100°. Some materials 

it is necessary to dry in a vacuum at 100°. He first makes the vacuum and 

then heats, using a sulphuric acid vessel between the pump and the chamber; 

in this way he gets a very high vacuum. There is a check valve of glass 

on the pump and he reports that the acid never sucks back. 3y means of a 

ground glass joint, he can switch the acid vessel into the system or out 

again at will, and thus by two 3-way stopcocks, short-circuit, so to speak, 

the air current passage around the sulphuric acid vessel. There is no oxi

dation under these conditions and the fat is reduced to the minimum weight 

and stays there, without oxidation.

Covering for table top.- Voit uses the ordinary wood top treated with 

aniline hydrochlorate and potassiiim bichromate. He believes he was the 

first in Germany to use asbestos lumber. Another point of interest is the 

fact that the ceilings of the laboratory are papered to prevent calcimine, 

etc., from dropping down. This is especially valuable, as when ash analyses 

are made they are not spoiled by substances dropping into them.

Discussion of theoretical problems.-Professor Voit said that he does 

not believe that ordinary body movements play any great role in metabolism.

I did not agree with him, however, and spoke of the difference in muscular 

movement between lying down and sitting up or standing. Voit said that when 

standing, there was considerably more muscular movement than during sitting, 

but he was surprised that there was any difference between lying down and 

sitting. He suggested that in the bed calorimeter the mattress shut off 

heat radiation, and he suggested that to use not a rubber air mattress but 

one of woven wire, and thus allow heat to be radiated from all sides. It 

is of interest to note here that the woven wire mattress suggested by



91

Fig. 37. Another view of the Surgi respiration apparatus.

This shows more clearly the handle of the bellows. The mouth

piece and connecting* tubes are not shown in either of these figures, 

as they have not been in use for some time.
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Pig. 38. Two small mercury thermometers used “by Kroneoker in 

studying the maximum temperature in the alimentary

tract.

By swallowing these thermometers, and noting their loss in weight 

at the end of the experiment, the amount of mercury expelled may he de

termined, the loss in mercury being proportional to the temperature.



Fig. 39 Large gas meter used in the experiments v/ith animals
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Pig. 40. Sas meter, water wheel for power, and moistening chamber 

with pumice stone used in connection with a Pettenkofer-

Voit respiration apparatus for small animals.

At the rear, and hanging on a wall, are a large number of barium- 

hydroxide tubes. The connection with the respiration apparatus at the 

right is clearly shown.
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Pig. 41. A 4-way valve devised by the mechanician of the laboratory 

for shifting from one apparatus to another, using the same

meters for both.
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Fig. 42. Mercury regulator for regulating the flow of gas in the

sampling pump.

.
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Pig. C. Sketch of mercury regulator.
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Fig. 43. Kercury sampling pump after the principle of Voit.
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Pig. 44. Tank in which the animal calorimeter is immersed for making

experiments at different temperatures.

The surrounding water jacket is kept at a constant temperature by a 

themo-regulator, containing petroleum, and the water bath therefore en

ables a constant temperature.

UJ



Fig. 45. Another view of this water bath for constant temperature

in which the respiration ohamber is immersed.
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Fig. 46. View of the K,jeldahl hood in Professor Voit’s laboratory.

The steel construction of this hood, and its light, airy, and spacious 

nature, are especially to he commended. The lower portion of the guide on 

which the door slides can he removed, and thus get a larger space. The one 

criticism that I had was the fact that the counterweights were exposed to 

the air and the fumes of the laboratory and the metal columns upon which they 

were sxispended were also exposed.
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47. Gloser view of the hood, showing the arrangement of gas

cooks beneath and the general spaciousness and open nature

of the entire construction
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Fig. 48. Drying oven in the laboratory of Professor Voit.

The oven is arranged for vacuum drying and has various stopcock ar

rangements which connect it with the vacuum pump. The sulphuric acid re

cipient at the rear allows only dry air to enter the chamber, and thus 

high vacuum is obtained. By means of a system of by—passes, the sulphu

ric acid vessel can be cut out of the circuit.
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Professor Voit has been secured and plans made for testing it immediately.

Differentiation in protein.-Voit does not believe that there is any 

great difference in the nutritive value of the different kinds of protein 

and has courteously given me a number of reprints setting forth his views 

on this problem. One interesting point was that if an experiment should 

be continued for two weeks, he believed that there may be an entirely dif

ferent body composition and a different need for nitrogen, - not necessarily 

a difference in the kind of nitrogenous matter but a difference in the amount 

and therefore in the need. He thought that vegetarian versus meat diet 

was hardly worth considering. The only trouble with the vegetarian diet 

is that it requires ballast, but he does not believe that there is any 

difference in the two sources for the proteid.

The dextrose-nitrogen ratio.- Professor Voit thinks that we should feed 

a man a long time before determining the dextrose-nitrogen ratio, but I 

pointed out the impossibility of this in diabetes.

He also believes that it is absolutely impossible to get carbohydrate 

from fat. In his experiments he uses female dogs and experiments last from 

8 to 10 days, taking the dogs out of the chamber only one-half hour each 

day to catheterise and feed them. He is still actively engaged in working 

on nitrogen problems.

The impression one gets from Professor Volt’s laboratory is that he 

is extremely accurate and precise in his methods of work. One questions 

seriously whether or not in searching after this extreme accuracy, he lias 

not lost some of the larger view points. It seems to be a current belief 

in Munich and in other places in Germany that for the number of years he 

has been in investigations, he has not made the progress that one would 

expect. There is no question but that he is a devoted worker with a true 

belief in the utmost painstaking care and accuracy, but in inspecting his 

laboratory and in discussiong problems with him, one is led to believe that 

the larger aspects of the case are not in part properly appreciated.
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11*oJ. essor .oit’s associate, Dr. Krummacher, has carried out quite an 

extensive research with the bomb calorimeter, using the KrClcor bomb. Ills 

researches also impress one with the idea of painstaking care and accuracy, 

but without particular reference to the more fundamental problems involved, 

flie whole laboratory is a model of neatness and exactness and in establishing 

a new laboratory, one should certainly see this first. I regret extremely 

that I did not include it in my first visit of three years ago.



First Medical Clinic

Professors FreArich Mueller, and u. P'eubaucr.

Professor llueller told ne the very astounding fact that there was very 

little diabetes in Munich and it is almost impossible to get cases to show 

the clinic. There is a great deal of rheumatism and gout, hut in Vienna 

there v/as a great deal of diabetes and very little gout, although the 

people in both places were of the same race or stock.

Jaquot respiration apparatus.-Commenting upon the Jaquet respiration 

apparatus, he says it is but a legitimate outcome of the old chamber of 

Liebermeister that they used to call the "mail-coach". The oil seal in

troduced by Grafe in Heidelberg is really very old. When he was in Basel, 

llueller told Jaquet that he should get it in order, which he did, using the 

Swedish gas analysis apparatus. Instead of the wooden wall used by lieber- 

meistor, Jaquet used a metal wall. Jaquet naturally got the credit for 

the whole apparatus.

Diabetes«- Mueller has found from personal experience that he could not 

■'eep diabetics on a low diet. Even talcing into consideration the sugar lost 

in the urine, etc., they must have a ricn diet. He was somewhat like Frank 

in his strong tendency to criticise adversely a good many other workers. He 

cited the importance of using a four-legged proof in experiments and said that 

while almost any stool will stand on three legs, with four legs, if good, it 

should stand perfectly level, and is a much Detter stool. Of course the four 

legs should all be of exactly the same length as otherwise there will be 

more or less disturbance of the balance.
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Dr. Neubauer.

Dr. Neubau or is very serious, very intense, and an indefatigable 

worker. Ile uses the Ilernst light as a source of monochromatic light, 
v;ith a saturated solution of potassium bichromate. The results,, he 

says, are very satisfactory, particularly as all the results are com
pared with one another. He deprecates strongly the use of animal char

coal in filtering solutions containing B-oxybutyric acid for he maintains 
that the acid is held back by the charcoal. The transition from 3-oxy- 

butyric acid to diacetic acid, he believes, is more or less of a rever

sible reaction, and in normal individuals there is no retardation of 
these oxidation steps. In diabetics there is probably a retardation 

after the diacetic acid step. Both B-oxybutyric acid and diacetic 
acid should be in about the same proportion, if there is equilibrium.
As a matter of fact, he has recently found that this is so. Dr. Ileubauer 

has also made a number of important experiments on the syntheses in the 
living organ with artificial circulation. His theory with regard to the 
reversible reaction between B-oxybutyric and diacetic acid is certainly 
very interesting and worthy of further study.
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VIENilA, AUSTRIA.

Clinic von IToorden.

Dr. Falta.

In discussing the subject of the dextrose-nitrogen ratio, Dr. Palta 

said that he thinks that the experiments are too short. He lays much weight 

on the 1-hour periods and the hourly excretions of nitrogen and dextrose.

In his experiments he found the dextrose-nitrogen ratio was constant and 

maintains that he is not interested as to where the dextrose cones from, 

but only in its constant relation to the nitrogen. This dextrose-nitrogen 

ratio, in his opinion, is a measure Of the intensity of the diabetes. He 

has also studied the effect of giving diabetics sugar and believes that 

the sugar is either burned or added as glycogen, possibly as fat; if the 

latter, there should be a different respiratory quotient.

He holds that Magnus-Levy is right and that the increased metabolism 

of diabetes is due wholly to a disturbance in the relationship between body 

surface and body weight. If a diabetic loses fat, obviously this fat does 

not take on oxygen or give off carbon dioxide. It is not active protoplasmic 

tissue, therefore, what is left has a greater metabolism. I pointed out to 

him, however, that I did not see why, under these conditions, one of our 

patients, Case C, when he began losing weight, did not increase in metabolism 

per kilogram of body weight.

liy chief object in making this visit to Vienna Y/as to clear away the 

misunderstanding between Dr. Falta, Dr. Joslin, and myself, with regard to 

the diabetic work. This, I believe, was finally arranged to Dr. Falta’s

complete satisfaction



Hochschule f. Bodenkultur.

Professor A. Durig.

iXirig maintains that Jaquet is wrong in his conception that the work 

of transporting the respiration apparatus to the top of a mountain affects 

die resting values the next day, and says that his new work on mountaineers 

shows no change in the "nüchtern” value beyond the first few hours after 

reaching the top. The after-effects nay last eight hours, but not longer, 

he was rather critical of the r>ieee of research on mountain work from Rosen

thal's laboratory, a report of vfoich has just appeared. The method of 

using the ^untz apparatus is not especially difficult to acquire, he nays, 

but everything must be absolutely right before beginning. He emphasized 

the fact that in the recent Teneriffe expedition with Zuntz, Barcroft and 

Douglas, he spent many hours fitting up and testing his apparatus before 

he undertook any analyses.
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BERUH, GEEOKY.

Physikalisch-Technische Reichsanstalt,

Dr. Hagen, Director«

l!y visit to this laboratory was unfortunately made when Professor 

Lindeck was away. I was especially interested to find that they were 
regularly calibrating bombs by the method of Steinwehr and von Jaeger and 

used their method, also for finding the hydrothermal equivalent. In dis

cussing resistance thermometers, they told me that the quartz thermometers 

are not much more sluggish in making the temperature than those with 

platinum wound on mica in a glass tube, but when a current is passing through, 

they give up the heat a great deal more quickly.
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University of Berlin«

Physiological Institute.

Professor Rubner.

Since ray last visit, Professor Rubner has changed his line of work, 

inasmuch as he has accepted the professorship of physiology in the Institute 

of Berlin as the successor of Professor Engelmann. This change was made on 

the expre3s condition that he should retain his Hygiene Laboratory, as it 

had been built only a fev; years before, and he did not wish to erect a new 

building. In his laboratory he has retained the respiration chamber but 

does not do much work with it. A dog calorimeter will, however, soon be 

in operation.

Experiments have been made here in the hope of combining the Regnault- 

Reiset principle with the Petterikofer-Voit principle by absorbing most of 

the carbon dioxide in the air circuit and determining the amount unabsorbed 

by barium hydroxide. This apparatus, I believe, was still in the experiment

al state.

Professor Rubner believes as firmly as ever that the Zuntz experiments of 
only 20 minutes are of no avail. He is also strongly of the belief that we 

can never get accurate results for calorimeter periods as short as one hour 

on account of the change in body temperature. In discussing body temperature, 
he was vary enthusiastic regarding a recording body temperature apparatus, 

made by Siemens & Halske. I spent a good part of the day hunting this up 

and found that tho apparatus was sensitive only to about 0.1°C and was not at 

all adapted for oui’ purpose.

Professor Rubner informed me that Professor Pettonkofer was a transitory 
diabetic and found in his own case that the sugar increased always after mental 

work, but his results were never published. Rubner thinks that we should study



112
diabetics at times with glycosuria and at other times when sugar-free. 

Under obese conditions he thinks the disease is apt to show more and 

prove more advantageous for study than in well established cases. Pith 

older people he thinks that diabetes plays a very small rôle, that is, 

it does not do a great amount of harm. He regrets, as do most physiol

ogists, that the old Pettenkofer-Voit respiration chamber in Hunich has 

been torn down.

iiis criticism of Professor Zuntz* new respiration apparatus for 

oxen was that it was too complicated and it seemed to him that ever-/ year 

it was getting more and more complex. I discussed with him the conduc

tivity of the body in light of the experiments that I found in Zurich 

and he thinks that with protein and water, there will be the best con

ductivity, but where there is bone and fat or nerve,there will be less 

conductivity. He firmly believes that the nerves are much poorer con

ductors than muscles.

1 was shown, every possible courtesy by Professor Jlubner and through 

him came into touch with many prominent clinicians in Berlin. His in

terest in the nutrition Laboratory is very great. Professor Rubner is 

coming to America in 1912 as the Hygienic Congress meets then and he is 

the president of it.



113
Agricultural High. School.

Institute of Zootechny.

Professor Curt Lehmann.

Unfortunately when I visited this laboratory, I found Professor 

Lehmann vas busy on one of his "four-consecutive-hour-lecture" days, 

a pedagogic curiosity that is characteristic of Professor Lehmann, In 

talking with his assistant, I found that: it seemed to be a mania among 

the younger assistants in 3erlin to write books or articles on the bomb 

calorimeter, and one or two of Lehmann’s assistants were engaged on this 

subject. They use 3987.8 calories for their standard value for the heat 

of combustion of sugar, talcing it from Landolt and Bornstein, who, in 

turn, quote from Pischer and Y/rede, I called their attention to the 

fact that this value was unquestionably somewhat too high.

In the catheterization of dogs (see foreign report of 1907, p.332), 

they have found that a 2 per cent boracic acid solution was preferable to 

the permanganate of potash for disinfecting the catheters. For preserving 

urine they use hydrochloric acid and thymol, and when the urine is dried in 

vacuum on filter blocks at room temperature, there is no loss of nitrogen.

The calorimeter that I was so much interested in three years ago, 
designed by Professor Lehmann, had not made much progress. His assistant told 

me that he had decided to substitute a potassium-hydroxide pump with a tall 
tower, that is, a small modification of the 2untz-Oppenheimer apparatus. The 

electrical anodes and balance had been partially installed for giving a con

stant current or for measuring the current, but the apparatus was about as 

I found it three years ago. One of the assistants infomedAthat Dr. Abder

halden had planned to do a great deal of work on animal feeding experiments.



irst Llodical Clinic

Professors Hie and. Staehelin, and Sr. Fleischmann.

Professor His is mach interested in Kobin's idea of a constitutional 

tendency towards different diseases. For instance, tall, thin people 

often die of tuberculosis. Such people can oat a great deal, the excess 

of food causing a watery, fat deposition in the body, but they always are 

thin, and are of the quick-growing, tall type. He thinks that men of 

this class have a greater metabolism and oxygen consumption than normal.

Professor Ilis was very friendly in speaking of Dr. Falta and thought 

he was a very promising man with a great many ideas. He said that when 

Falta and Staehelin worked together, Staehelin was a very good control, 

but now that Falta is alone, he is either enthusiastic or depressed.

In speaking about rheumatism, he said he had written a book about it 

but now he knows nothing about the subject, - the book being something 

like von Hoorden*s diabetic book.

In studying the influence of potassium iodide, he found that the re

sults in Berne were different from those in Berlin, and it was through 

his influence that Dr. Fleischmann was sent to Berne to study this point. 

Professor His has a very high opinion of Fleischmann and referred to his 

•work on atropine. In speaking of Jaquet he remarked that when Jaquet 

was in private practice, he coquetted with research, and when he was in 

research, he coquetted with pharmacology, and now again in private practice 
he coquettes with research, but on account of his largo family ho must get 
money.

Professor His is coming to America in the fall of 1911 and will doubt- 
less visit the laboratory. In discussing the question of diabetes, he 

saiu he had found that oatmeal differs very much from starch, although each

contains the sane amount of carbohydrates. He thinks there is either a
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different kind of starch or an active principle in oats. He made 

entracte of oats and "began to study the effect. Apparently the oat 

extract had the sane effect as the oats. 'Hie experiments are not yet 

finished "but he plans to continue them.

Professor Staehelin.

Experiments with respiration apparatus.- I had the misfortune not 

to see Professor Staehelin when I was in Europe three years ago, and so 

made a special effort to get in touch -with him during this tour. I found 

him in the First Medical Clinic using a Jaouet respiration apparatus that 

he had had constructed there and which had been described a few months 

before in one of the bulletins of the Charité. With this apparatus they 

were studying the effect of radium on a woman, with one preliminary hour 

and then four 2-hour periods. The radium was taken before and after the 

experiment. The work was done by a Japanese. In giving the radium 

treatment, they used radium emanation water which was given to a healthy 

woman and the effect on the digestion, etc., was studied. As a matter of 

fact they had found presumably but a 5 per cent increase as a result of 

the radium. I was much interested in the room in which these radium 

emanations were given. It was a small, hastily constructed room, with 

walls of heavy paper. To my utter astonishment the air was passed 

through a small ’.wash bottle containing potassium hydroxide; and it was 

supposed that the carbon dioxide in the air of the room would be absorbed 

by this. It was almost amusing.

Staehelin had also made a series of experiment on a fasting woman who 
was to live 10 days without food and water, and 30 days with no food, 

but on the twenty-second day he have glutaminic acid as a preventative 

of acidosis. The woman was very, very sick, and vomited,and Staehelin 

was very anxious about her. Unfortunately they did not get as much out

of the experiment as they should have, only the individual days being
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reliable, and all the results should he taken with some decree of 

reserve. The nitrogen of the urine fell to a little over 2 grams per 

day, hut the 3-oxybutyriC acid and diacetic acid rose to 14 grams j->er 

day, Tie sodium chloride balance was also determined. They are perfectly 

sure that no food was taken as the room was sealed and the woman stayed 

in the hospital all of the time. The subject was a professional woman 

faster, not ’'Schenk”. There was only a small amount of fasting feces, 

the total for the whole time being but a few grams.

Professor Staehelin gave me a reprint regarding his respiration appa

ratus and since I made a great many marginal notes on this reprint, it 

is unnecessary to go into further detail here. Several views of the 

chamber, with accessory apparatus, are given in Pigs. 49 to 56. The glass 

tube conducting the air into the chamber had an internal diameter of 25 

millimeters. The gas analysis burette had a very fine calibre, 0.01 per 

cent being equal to about 2 millimeters in length. The ventilation is 

ordinarily GO liters per minute. The most interesting part of the appa

ratus was the method of taking a sample, which is described in detail by

Professor Staehelin in the reprint. As shown in Pigs. 53, 54, and 55,
*

two vessels filled with mercury are lowered into two fixed inverted cylin

ders, then gradually withdrawn, the air being sucked in behind them. Hie 

criticism I should make of this method would be that there is no opportunity 

to stir the air in these cylinders and there may easily be stratification. 

Professor Suntz agreed with me in this. Furthermore, it is not possible 

for any one using the method to fill the vessels completely with, mercury; 

as about 25 c.c. of air sample is left in the top of the sample pipette 

at the beginning, that is, the pipette is not completely filled with mer

cury. There is no manometer on the top of the chamber now. The tempera
ture of the air pipe leading to the chamber is always within 0.2° to 0.3° 

of the temperature of the meter, but the temperature of the ingoing air

-oy ne from .5° to 1.3° lower. Staehelin leaves the sample for analysis
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in the tube until the next day, without pressure inside, hut relying 

upon the tightness of the cooks.

An ingenious water seal vas attached to the connection above the meter 
in which the end of a glass tube was brought directly against the end 

of a metal tube on the meter, a rubber hose fastened over the ends and 
the whole thing immersed in water. As a matter of fact, this was not in

use at the time I vas there, and is more theoretical than practical.
fhe Pettersson gas analysis apparatus which Professor Staehelin uses 

was made in Berlin and a more miserably set up apparatus I never saw. I 
wondered how any experiments could be made with it.

Analysis of outdoor air.- Staehelin in Basel had also found a differ
ence in the oxygen content of outdodr air, but he had always feared that 
it was the fault of the method, as Hempel * s research showed constancy.
He was extremely glad to hear of our results which confirmed his.

hr. Fleischraann.

Dr. Fleischmann, working in the clinic of Professor His, lias been 

much interested in studying the effect of iodide injection. He found that 
the rabbits in Berne all had goiter and their reaction to iodides was 
different from that of the rabbits in Berlin without goiter, .'.hen animals 
react differently in two localities, it would seem as though there may be 
a great opportunity here for error in pharmacological and pathological 
studies, ihe fact that all animals and many human beings in Berne are 
subject to goiter is well known.



Fig. 49. General view of StaehelinVs Jaquet respiration apparatus 

with ourtains over it to make it dark for the subject.

At the time this was taken, the subject was in the dar/cand an experi

ment was in progress. The walls of the chamber are practically all of glass 

which is more or less translucent. At the left is shown the very poor Pet- 

tersson gas analysis apparatus, constructed in Berlin for Staehelin. The 

wires running to the board show the method in which it must be tied up and 

raised to keep it from falling over.



Pig. 50. Another view of Staehelin's respiration apparatus.

showing curtains partially pulled to one side, and

the gas analysis apparatus used for the analysis of

the ingoing and outcoming air.
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Pig. 51. View of food aperture of Staehelin’s respiration apparatus.

Rough glass is used and thoroughly cemented into an iron frame. This 

is supposed to be absolutely air-tight.



Fig. 52. View of the gas meter used by 3taehelin in his respiration

apparatus.

The small manometer indicates the pressure on the meter.



Pig. 53. Gas meter with details of sample-taking devise of Staehelin's

respiration apparatus.

As the gas meter revolves, the upright is made to slowly revolve and 

thus lower automatically the two vessels containing mercury. As they lower, 

air is drawn into the two sampling vessels.
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Fig. 54. Rear view of gas meter and sampling device of Staehelin's

respiration apparatus.

The train of gears containing the sampling device with the motor is 

shown here as being separated, the light background of the wall behind be

ing visible between them. At the right are two of the Jaquet sampling pi

pettes, in which the air is taken from the collection pipette at the end of 
each period.
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Fig. 55. Another view of Staehelin's gas meter and sampling device.

Tnis shows the connections between the air sampling device and the 

incoming pipe to the left, and the outcoming pipe near the meter. The Ja- 

quet sampling pipettes are shown at the right.
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Pig. 56. Details of wet and dry bulb hygrometer used fry Staehelin

in ingoing air.
The glass tubing is shewn where the samples of the ingoing air are 

taken across the room to the sampling device.



126
Second Nodical Clinic, Charité.

■professor Dr, Prugsch, and Professor von Bergmann,
Dr. Plesch.

This new i'J. edical Clinic is in a marvellous building, as elegant as the 
new Rockefeller Institute Hospital in hew York, all of the fittings being 

of the finest and most expensive character. "Tie chemical laboratory is 

beautifully equipped with a special room for ether extractions, Xjeldahl 

digestions, sand-baths heated with gas, and a drying apparatus after the 

principle of Taust. Below is the Roentgen ray room, with lead glass 

windows, and electro-cardiogram apparatus with a string galvanometer, 

the vibrations being deadened by means of a sand mattress (ITikolai).

The respiration calorimeter, mb. ich is a Rubner apparatus intended for 

experiments with dogs and children, is very perfect. Professor Heubner 

of the Children's Clinic was in the room when they were explaining it to 

me and when they made the statement that it could be used for either dogs 

or children, he shook his head. It is now modified so that determinations 

of the oxygen may be made. There is a large soda line chamber, but the 

carbon dioxide is still determined by barium hydroxide. The oxygen is 

supplied from a bomb and the bomb is weighed. Professor Kraus said that he 

anticipated great results from this chamber.

There was also a large Rubner respiration apparatus or Petterikofer-Yoit 

chamber for man, and a Zuntz-Peppert apparatus, and they had planned to use 

the latter apparatus inside the large chamber. Dr. Plesch, who^made a great 

many gas analyses in the laboratory, said that he had used both the Zuntz- 
Ceppert apparatus and also Haldane's, but thinks it all depends upon mho 

\ises it. He also believes that the Zuntz circulating scheme for oxygen 
mill never work with these large respiration chambers. In discussing the 

mercury pump in which water is used to raise and lower the mercury, Plesch
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remarked that Professor Bohr was not the first to employ this method as 

Fredericq had used it much earlier.

Dr. Brugseh has worked on diabetics and also with depancreatized dogs, 

and has special ideas on the origin of diabetes; all his experiments agree. 

He said he did not see why determinations of the oxygen consumption are im

portant in diabetes. Ilis belief is that the metabolism is not increased, 

oat that diaoetics act differently when under special conditions, that is, 

with a large diet, etc. Dr. Brugseh is to continue working on diabetes, 

determining only the carbon dioxide.

Of interest in the equipment of the laboratory was a room for drying 

pnotographic plates at 45°C. Also, in the balance room, there was a small 

oox compartment for each worker with a desiccator. Fraulein Dr. Rahel 

nirsen, an assistant, showed me the bomb calorimeter and the apparatus for 

tne determination of carbon dioxide, according to Kröker. While Professor 

Kraus is very enthusiastic over the Rubner apparatus, Fraulein Hirsch 

thinks that they ought to have our apparatus.
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Honig. tierärztliche Hochschule.

Professor Abderhalden.

Abderhalden remarked that he can now buy hydrolyzed protein from 

Schering, and one gets the specific dynamic action even when hydrolyzed. 

He told me that Professor Tangl has made the extirpation experiments with 
no kidneys and gets the same results, disproving the idea that there is 

kidney work. In his laboratory there is only his own personal library, 
and none belonging to the Institute. He considers his feeding experi

ments as now concluded, and that it has been proved that the body can 
synthesise protein from hydrolytic products.



Agricultural High School

Institute of Animal Physiology.

Professors Zuntz, Loewy, and Drs. Caspari, and Cronheim.

Professor Zuntz* new laboratory is in the Tier-Physiologische Institut 

of the Landw. Hochschule. It is equipped with two respiration chambers, 

one, a small Zuntz-Opperiheimer respiration chamber for experiments with animal 

and the other, a much larger chamber for experiments with large animals, such 

as the horse, etc. Views of these chambers, and accessory apparatus, are 

given in Pigs. 57 to 68.

Respiration chambersThe small chamber is constructed on the Regnault- 

Reiset, or closed-circuit principle, while the large chamber is operated on 

the Petterikofer-Voit, or open-circuit principle. Professor Zuntz hopes, how

ever, to change the latter to a closed-circ/uit apparatus, but he is very far • 

from it as yet. I did not see the results of his experiments with the Petten

kofer-Voit chamber but he reports then as being very satisfactory. When asked 

why he made his Petterikofer-Voit chamber so large, he said that since by means 

of a Pettersson apparatus excellent results had been obtained with a man in 

the Sonden-Tigerstedt chamber which contained 100 cubic meters, he believed 

that he ought to get very good results in his chamber with a horse. His 

reasoning, I believe, is correct so far as the carbon dioxide production is 

concerned, but it seems to me a great error to make the apparatus so large 

if determinations of the oxygen consumption are to be attempted.

for making the carbon dioxide determinations, a Pettersson apparatus is 

used. This appears to be an exact duplicate of that of Johansson and Tiger

st edt, as it is graduated from 0 to 4 on one side and from 4 to 8 on the 

other. Zuntz says that he can obtain duplicates to 0.032 or 0.033.
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The efficiency of the apparatus for measuring; carbon dioxide is tested 

hy admitting to the chamber pure carbon dioxide from a previously weighed 

steel cylinder. Professor Zuntz finds that the carbon dioxide which he gets 

in Berlin is perfectly pure, as all of the gas is absorbed by potassium 

hydroxide after 50 liters have been let out of the bomb. He contends, and 

correctly, I think, that until he can more accurately determine the oxygen, 

there is no necessity of hi:s testing the apparatus by means of burning alcohol, 

as he is able to determine carbon dioxide very accurately. In testing the 

apparatus, he holds it at 50 mm. of water pressure for one hour and finds 

that it is necessary to allow for the loss of only a few millimeters of water, 

after talcing into consideration, of course, the change in barometric pressure. 

Por determining these changes, he uses a thermobarometer, consisting of a 

block tin tube wound about inside of the chamber.

Professor Zuntz said that he did not particularly care for the barium-

hydroxide method of determining carbon dioxide as used by Pettenkofer and

Voit and that he took the samples of air fractionally by clockwork, and also

every two hours. An ingenious method is used for taking a sample by which

the bulb of a pipette is lowered and the water allowed to flow out according

to a method originally devised, I believe, by Loewy. The lowering of the

bulb is accomplished by substituting it for the weight of a Svviss clock, a
•K*

device first used, I think, by Schaternikoff in Moscow. This method differs
Af" Sju. a ctvoivw" » f ^ 6 t
from that used by Jaquet, as in his method the pipette is lowered according 

to the movement of a gas meter drum and a sample proportional to the volume 

is obtained. Since, however, the speed of ventilation in Professor Zuntz* 

apparatus remains constant in practically all of his experiments, the pro

portioning of the fractional sample by time is as accurate as proportioning 
it by volume.

In discussing other forms of respiration chambers, Professor Zuntz said 
that he thought Hagemann was in a better condition for running experiments now 
than he was two or three years ago. He also believes that the apparatus of



Fig. 57. (jeneral view of the Zuntz-Cppenheimer respiration, apparatus.

The tank at the right contains motor, ventilating apparatus, and potas

sium hydroxide absorption tower. At the left is the respiration chamber.

The two curved pipes painted white are the ingoing and outcoming air respec

tively. The black pipe, below the white pipe, and bent to conform to it, 

is a gas heater for heating the air. The chain and pulley attachment at the 

left is for the calibration apparatus, for calibrating the spirometers for 

admitting oxygen.
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Fig. 58. Outer water bath for the U un t z- Op r> e nhe ime r respiration apparatus.

The inner glass lid, which is screwed down hy a clamp, is shown rest

ing against the wall of the outer vessel, in the immediate foreground.



Pig. 59. View of the respiration chamber tank of the Zuntz-Oppenheiiner

apparatus showing the tank filled with water.
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Pig. 60. Another view of glass tank showing the interior chamber of the 

Zuntz-Cppehheimer respiration apparatus immersed in water.

The opening through which the animal is placed can be indistinctly seen 

at the top.
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Pig. 61. Looking down from the top on the Zuntz-Oppenheimer chamber.

The inner chamber is shown with the cover removed and the water all 

withdrawn from the outer chamber.
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Fig. 62. Imperfect view of the interior of the Zuntz-Oppenheimer small

respiration apparatus.

This tank is immersed, in water and the photograph is taken through

water
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Fig. 63. View of pimp and rotary ventilator for the Zuntz-Oppenheimer

respiration apparatus.

At the left is the rotary ventilator, actuated by a shaft which ex

tends to a motor above. At the right is the large chamber for freeing 

the air of carbon dioxide. A small pump actuated by an upright shaft in

termittently pumps strong caustic potash into the interior of the dome,

and this absorbs the carbon dioxide
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Pig. 64. Electric motor for running the rotary blower and for the pimp 

for the caustic potash in the Zuntz-Oppenheimer respiration

apparatus♦

The rotary blower is run by a turbine and the pump by a walking beam, 

connected with a bevelled gear on the end of the armature shaft. Jin inge
nious feature is the small regulator which shows when the motor shuts down. 

When the motor is running, the two balls on the governor above are raised 

in the air by centrifuge force and when the motor stops, they settle back 

on a metal plate, closing the contact and ringing a bell, thus calling an 
assistant in any part of the laboratory to the apparatus.
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Fig. 65. Apparatus for determining the carbon-dioxide absorbed by the 

caustic potash in the Zuntz-Oppenheimer respiration chamber.

An aliquot portion of the potash is allowed to flow into the large 
flask and the carbon dioxide is weighed in soda lime tubes, the gas having 

been previously thoroughly dried by passing it over sulphuric acid and glass 

beads.
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Fig. 66. Another detail of the electric motor, rotary blower, and shaft 

for the "spitz" pump of the Zimt2-Oppenheimer apparatus.

The details of the little centrifugal governor are here well shown.



141

Pig. 67. Elaborate system of introducing oxygen into the Zuntz-Oppenheimer 

apparatus, showing large gasometer and water vessel, or levelling-

bulb. for admitting water into the gasometer.

The amount of water is weighed from time to time and also the amount of 

oxygen introduced into the chamber.
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Letullo and Porapllian in Paris ought to give satisfactory results as the 

theory is good. He deplored, as did I, the fact that the Pettenteofer-Voit 

respiration apparatus in Munich had been removed,

Criticism _of_ Professor Zuntz* large respiration chamber.- It seems to 

me impossible to control the temperature of this large chamber wlth sufficient 

accuracy to make practicable the measurement of oxygen on the closed-circuit 

principle. As lias been pointed out in our own work, this temperature regu

lation of the chamber is of the greatest importance and without calorimetric 

features, it is difficult to see how Professor Zuntz can possibly maintain 

an accurate control of the oemperature in his cnamber,

Furthermore, Professor Zuntz assumes that all the caustic potash solution 

13 imperfect mixture in the chamber in which it is made and that there is no 

change in the volume or in the dilution of the liquid in different parts of 

the pump or chamber. This, however, should be fully demonstrated.

My general impression of the apparatus as a whole was that while it 

suits his purpose admirably as an open-circuit apparatus, and that an extremely 

ingenious use is made of the Sondèn-Pettersson gas analysis apparatus in con

nection vi'ith it, nevertheless any attempt to make it a closed.-circuit apparatus 

would be a failure. I doubt seriously if results can ever be obtained which 

,,XH Civ0 values inside of 5 per cent and if values larger than 5 per cent 

are to be obtained, the experiments are without avail as computations can 

be made from well knovm factors as close as this.

Zuntz♦ criticism of respiration apparatus at the Nutrition Laboratory.- 

professor Zuntz' chief criticism of oui* small apparatus is tliat it gives no 

information regarding the mechanics of respiration, such as the rate or volume 

of respiration. He thinks these are of great importance, especially in view/ 

of the new; methods of studying blood gases and tension, with the new/ ideas 

about the total amount of blood circulating through the body. He is very 

conservative about giving up the old method and would rather seek to improve 

it than to adopt a new method which does not take into consideration the
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volume 0-. respiration. In peaking of the use of this apparatus 

oy different clinicians, he says that Winternitz and, of course,

Uagnus-levy, are hoth excellent technicians, and have used the apparatus 

with great success, hut there is very much of the older work which is 

not good, and an actual discredit to the apparatus.

Testing the Zuntz respiration apparatus.- I personally was the subject 

of a respiration experiment and attempted to find out whether the Zuntz 

valves as used by him, under conditions that he would consider ideal, gave 

as little resistance to respiration as he maintains that they do. I always 

found that there was a very noticeable retardation of respiration when the 

valves were in place. In the extensive study of the various types of 

respiration apparatus which Ur. Carpenter of the laboratory staff is making, 

it is important that this point be tested carefully. It is possible by means 

of a Tissot spirometer and a gas meter to measure the volume of air expired 

in 20 minutes, using first the mouthpiece, then the nosepieces, and note 

whether a greater volume of air is taken through the nosepiece or through 

the mouthpiece.

I pointed out to Professor Zuntz that while the calibration of this 

meter was usually made with a regular flow of water, in actual use the 

air was passed through the meter by a series of impulses. I suggested 

that he calibrate his meter under the same conditions as when used, and 

he told me that he had so calibrated it years ago. I have been unable to 

find anything that Professor Zuntz did not do years ago. He found at that 

time that if he used the calibration for a somewhat higher rate than the 

actual rate of ventilation, the error was fully compensated; thus, with a 

gas current of 7 liters per minute, he would use the calibration for 10 
liters per minute. The error in any case was only a few tenths of a per 

cent error. The constant water level in the meter is, of course, very 
important.
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Professor Staats » criticism that the volume of respiration per minute, 

and per single respiration, cannot he obtained with our respiration apparatus 

is perfectly good and sound. He says that if the minute value of the respi

ration is not regular, this shows irregularity in internal muscular exercise. 

With certain persons he has found that this irregularity is very rhythmical 

with a period of short, shallow respirations followed by a period of deep 

respirations, etc,, as vas the case with Higgins and one or two of our other 

assistants. Such people, of course, cannot be used and Zuntz says that 

at his laboratory he tests his subjects for a week or more to find out if 

the respiration is régulai’ and to train them to the apparatus. Many of 

them he finds he cannot use at all.

It is a source of groat regret to me that Professor Zuntz has not in

stalled our respiration apparatus in his laboratory. We are studying his 

apparatus most critically and it seems to me that it would be very helpful 

if he would study ours most critically, and raise all possible objections 

to it. I sincerely hope that he will soon have a respiration apparatus 

like ours in his laboratory.

Experiments at Teneriffe.- Professor Zuntz had recently returned from 

Teneriffe, where he was a member of a party of four who studied the effect on 

the respiratory exchange of the muscular work involved in mountain climbing, 

also on blood gases, the dissociation curve of oxyhaemoglobin, etc. He said 

that he found a decrease in the alkalinity of the blood at 2000 meters of 

about 10 per cent, and at 4000 meters 6 to 8 per cent with all the four 

persons in the party. This decrease was held for 14 days and vas not the 

effect of the work of climbing. Barcroft, who was a member of this ex

pedition found that the tension of the oxyhaemoglobin also changed corres

pondingly. Barcroft's methods are remarkably accurate. Zuntz has found 

that the after-effects of work last about one and a half hours' which, he 
thinks, is longer than at the ordinary sea level. The acidity developed

at a high altitude is due, he believes, to lactic acid, there being an
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incomplete oxidation in the muscles. I cited the statements of Mohr in 

regard to diabetes, the acidity liberating carbon dioxide, etc., but 

Professor Suntz is not particularly impressed with Mohr’s technique as 

he i3 more especially a clinician, with excellent ideas, but not a par

ticularly good technique.

Professor Suntz is very much pleased with the new Durig valves; he 

used them at Teneriffe, and will doubtless continue to use them in his 

laboratory. He found that the small, portable Haldane apparatus could 

not give results for oxygen determinations in the air closer than 0.05 

per cent. In discussing the methods of gas analysis, he said that over 

water it was possible to get results to 0.01 per cent with the apparatus 

used at his laboratory, but it takes an especially trained man, such as 

Durig, to do it.

The Haldane apparatus for determining the carbon monoxide in the blood 

is used in Suntz' laboratory very satisfactorily. This apparatus, which 

is known as the Haldane-Barcroft apparatus, is shown in Pigs. 69 and 70.

In disctissing the question of the effect on metabolism of change in

body position, Professor Suntz se.id that he found no difference in met abolis:

between lying down and sitting with a head rest and no muscular tension.
-t

He believes that the position oujlined by Johansson as vorsätzliche Muskelruhe 

can be held for 15 minutes, but not as long as Johansson requires, namely, 

one hour. He deplores Johansson's idea that carbon dioxide alone is an 

index of metabolism and said that at a Congress in Heidelberg he spent two 

hour’s trying to convince him of it.

Criticism of muscular work experiments.- I spent considerable time, 

in fact, part of several days, discussing with Professor Suntz most care

fully the work that was done by Mr. Carpenter and myself at Middletown 

on muscular work. Professor Suntz made a number of criticisms with his 

usual keenness, but I was able to meet all of these to his satisfaction.

It still remains a fact, however, that there is a wide difference between
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Pig. 68. A corner of the Zuntz respiration chamber for large animals.

The sampling is done hy lowering a bulb, and allowing it to flow out 

gradually. This bulb is lowered by means of clockwork, using the bulb as 

a substitute for the weight on a Swiss clock. The rheostat shown in the 

photograph is attached to the large gas meter and regulates the speed of the 

motor used to move the gas meter. The riveted boiler plate of which the cham

ber is constructed is clearly shown.
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Pig. 69. Oas analysis apparatus of Haldane-Barcroft, somewhat modified.

for determining the oxyliaemoglo'bin in the blood.
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Fig. 70. LoTi/er portion of Haldane-Baroroft gas analysis apparatus in

Zuntz* laboratory, showing adjustment for the levels
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weighing 50 kilograms, presumably to 1 milligram.
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Fig. 72. Zantz apparatus for analysis of high per cent of oxygen.
Z i*nir z

This consists of a burette such as fe» commonly lises, only inverted 

with the graduated portion above the bulb rather than below. The absorp

tion pipette is exactly in the rear and of the type commonly used. The 

gas collecting tube is shown at the left with a levelling bulb.
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our results and those of Zuntz, as ours give an efficiency of 24 per cent, 

■while Zuntz obtained 34 per cent. Furthermore, all the arguments made 

against the Zuntz method seem to contribute toward an even greater effi

ciency than was found.

In discussing the experiment made with a horse, Professor Zuntz said 

that he found when there was no increase in body temperature, the after

effect of work was veiy short, - less than one hour. With men he thinks 

it is also very short. I raised the point that with o.ur men we found the 

X-jeriods from 1 a.n. to 7 a.ra. were frequently high after severe muscular 

work, and he thought that although the men appear to bo sound asleep, there 

is muscular tension and consequently his and our results do not conflict.

Experiments on feeding a dog carbohydrate.- Recently a dog who had 

been fed a fat-meat diet for four days was given 250 grams of sugar and 

the respiratory exchange studied every hour for eight hours. Hot once did 

the respiratory quotient exceed 0.0, and most of the time it was 0.77.

Under these conditions it would seem that the sugar must have been stored 

as glycogen.

Electro-magnetic therapyreported to Professor Zuntz my experi

ences with the electro-magnetic therapy in Munich, and found, to my aston

ishment, that he had also investigated the subject. The only thing he 

found difficult to explain was the eye movement, shown when moving the 

eye in front of the magnetic field. Zuntz* explanation for this was that 

possibly there was a stimulation of the nerves as the result of induced 

current Of some kind. He does not have any higher opinion than I do of 

the method of measuring the resistance and using that as index of the general 

nervous condition, and believes that the conduction is much better through 

muscle than through nerve. He cited the fact that Hermann has shown that 

the nerves are not as good conductors of electricity as muscles.

The amount of work that Professor Zuntz has done in the field of 

physiology is certainly remarkable. His new laboratory ought to have



/been built for him 20 years ago; it is too late for him now.

?ro fe s sor Loewy.

Professor Loewy is writing a booh, or rather, a portion of Oppenheimer *s 

Handbuch. At the time of my visit he was about to make a respiration ex

periment on a patient in the Virchow Hospital who had no sweat glands and 

who was therefore easily influenced by temperature changes. At Professor 

Loewy’s invitation, I went to the hospital and watched the experiment in 

jjrogress, talcing four photographs (Pigs. 73 to 76).

The disease seemed to be hereditary, as the young man had a cousin with 

the same disease and also a younger relative. It was at first thought that 

he was stimulating disease in order to avoid military duty, but this suspicion 

was proved to be unfounded, as it was noted that he had a body temperature of 

39 degrees. He had no teeth, which is characteristic of the disease.

Five experiments had been made with this subject in about 14 days. The 

patient was in bed during all of the experiments but they were not quite 

nüchtern as a cup of tea with two cubes of sugar had been given him four hours 

previous to the experiments.

During the experiment which I saw, the subject slept very soundly most 

of the time, not even the flies disturbing him. He was surrounded with a 

number of hot water bottles to artificially raise the temperature and was 

well covered with a blank eft although it was in Hay and the room was reasonably 

v/arm.

The intestine valves of Speck,which Loewy personally prefers to the 

Durig valves, were put in position and suspended by a cord as shown in Pigs.

73 to 75, so that there should be the least possible strain upon the man. An 

important addition to the regular Zuntz apparatus was a rubber bandage which 

was drawn around the back of the head, holding the lips firmly pressed against

the ordinary Zuntz rubber mouthpiece. Loewy pointed out that it was very



important that the valve for the inspired air should not get dry, and he 

had to wet it once during the experiment. Professor Loewy has an idea

of enlarging the glass parts and putting in a sort of Drechsel wash Pottle 

■ith cotton for moistening the air. The expired air passed through a 

large tube into an Sister dry gas meter provided with a chain and gear to 

lower the pipette and to allow water to flow out and samples to be taken 

as the air passed through the meter. Two mercury thermometers were care

fully read. The respirations were 20 per minute and the pulse was 90. 

Frequently the subject swallowed saliva every lV to 2 minutes, but apparent! 
there was no undue pressure against the nose as a result.

Professor Loewy made two experiments, simply refilling the sample 

pipette at the end of each experiment. The man was entirely unaware of what 

was going on about him during the whole time. At the end of the experiment, 

Professor Loewy remarked that it had been an "Ideale Versuch".

This was the first time that I had ever seen a careful use of the Zuntz 

method, and I regret to say that I was not particularly impressed with the 

accuracy of the technique. It may be that one could expect no better con

ditions with a hospital patient who was comparatively unaccustomed to this 

apparatus, although several experiments had been made with him previously.

It certainly appeared to me, however, as if the nose clip, for example, 

did not fit particularly well although Professor Loewy assured me that this 

patient load a very peculiar nasal formation, with a mucous membrane which 

was very tenacious, and that the nostrils themselves would hardly separate 

after the clip was removed. As a matter of fact, at the end of the experi

ment when the clip was removed, I noticed that the nostrils' very slowly re

laxed. The subject had no beard and loewy maintains that the closure be

tween mouth and mouthpiece was ideal.
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Fig. 73. Patient with no sweat glands in the Virchow Hospital, Berlin, 

as subject of a respiration experiment in which the effect on

metabolism of increasing the body temperature was studied. 

The Zuntz mouthpiece, with rubber protected covering to hold the lip>s 

against the mouthpiece, is particularly noticeable. The valves are made

of the intestines of calves.
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Pig. 74. Another view of the subject shown in preceding photograph.



*• Another view of Loewy's subject, showing the eyes closed.

The patient slept throughout the whole experiment.
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*

Fig. 76. Showing connections between the patient, the respiration 

apparatus, and the gas meter, which is an Elster dry gas

meter.

The sampling tube filled with water is shown at the left of the me

ter and the small pipette,which is lowered and allows the water to flow 

out proportionally, is shown attached to strings running over the pulley. 

Three sample pipettes were filled and three experiments made at this time.
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Dr. Caspari.

Dr. Caspari told ne of an experiment he had heen making in conjunction 

with Dr. Rosenthal, on the effect of the inversion of carbohydrates by 

radium and by the magnetic field. He found, that starch could be hydrolyzed, 

for example, in a magnetic field, and while it is very difficult, neverthe

less some positive evidence is obtained. One great difficulty was to get 

the V/ehnelt interrupter to run fast enough. He reported that the material 

had not been published.

In discussing the question of diet in the tropics, he referred to an 

experiment made by an assistant who determined his respiratory exchange 

before going to the German colonies in Africa, and again on his return.

There was no difference, but Caspari rightly considers that the results of 

a single experiment is not conclusive.

In speaking of a vegetarian diet, he said that his Hauptmann II. was 

wonderfully strong. When he only weighed 44 kilograms, a very large fat 

man came into the room and rather criticized his small body-weight and 

appearance of feebleness. They engaged in a wrestling combat and this 

skeleton, weighing but 44 kilograms, actually threw the other all around 

the room. Professor Caspari opposes strongly Professor Chittenden's view 

and does not believe that the protein minimum is by any means the physiolog

ical optimum.

Caspari believes that in the higher altitudes, the dissociation between 

oxy-haemoglobin and oxygen is much looser than under ordinary conditions.

This is of great advantage at the start as there is plenty of oxygen for the 

tissues, but later the tissues become poor in oxygen and as this loose com

bination is bad for the tissues, mountain sickness results. Barcroft of 

Oxford antidipated Caspari and Loewy in publishing these results.
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Dr. Cronheim.

Dr. Cronheim is working upon the metabolism of fish and found that the 

oxygen consumption of the German carp was about one-third of that of man at 

res* per kilogram of body weight. lie thinks that the muscular exercise of 

always keeping constantly in motion, - a characteristic of fishes, - may be 

very great. The carp grows to a weight of G50 grams in tro years. The first 
year it grows to a weight of 50 grams and then there is a very rapid increase. 
The carp grows to about 1850 grams and while there is only about 5 per cent 
of fat when they are young, there is about 40 per cent of fat in the dry 
substance at the adult age, yet the metabolism per kilogram of body weight 

is about the same as when they are younger, and have but little fat.



ST. PETERSBURG-, RUSSIA.

Institute for Experimental Lie di cine .

Pr of e s s o r ? av.rl o v;.

Professor Pawlow is as intensely interested in his experiments on the 

psychical influence on the salivary gland as he was at the time of my 

visit three years ago. Practically all of his experimental work i3 along 

this line, and hut very little work is done on digestion, or on pancreatic 

or other fistulas. As the proceeds of the sale of gastric juice forms a 

considerable proportion of the income of the Institute, the preparation of 

this material is still carried on and a number of dogs are kept for the 

purpose. This gastric juice brings them in an income of G000 roubles per 

year. Its sale is chiefly in Russia and while there are many private manu

factories of the material, they are all handicapped by the fact that Pro

fessor Pawlow has a monomy of the technique and knows all the minor details. 

In operations, Professor Pawlow uses morphine and then chloroform, and he 

personally gives the dose.

In the laboratory he prefers to study only the.reflex problems, but 

occasionally there v.rill be a medical man or a foreigner who wishes to study 

digestive problems. Candidates for a doctor's degree, however, are usually 

required to work upon reflex problems. These reflex problems are cer

tainly very remarkable, as a brief résume of the method shows.

Method of experiments regarding the psychical influences on the salivary 

gland.- A series of tones is arranged in the order of do, re, mi, fa, and the 

subject, a dog, is always fed after hearing the tones in this order, but 

never when they are blown or sounded in any other order. In a very few days 

the dog learns the difference between the period when the majority of the
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tones are in the ascending series and that in which the majority of the 

tones are given in the descending series. As a result, trie sounding 

of the descending tones does not stimulate the salivary gland sufficiently 

to have saliva pass through a fistula. A little later the dog learns to 

distinguish all of the 24 possible combinations, but the saliva is stimu

lated only when the series of do, re, me, fa (1, 2, 3, 4) are sounded.

In another method of study, a dog stands before a paper wheel and is 

always fed immediately after it begins to move. Another series of experi

ments is also conducted with the same dog in which the paper wheel is moved 

and simultaneously a very high tone is sounded, amounting to vibra

tions per second, but the dog is not fed. The addition of this tone to the 

movement of the paper wheel is found to act as a retardation of the stimulus 

of the wheel. I personally could not hear the tone where I sat but when I 

put my ear over the box, about 5 or 7 feet away, I could get a very faint 

tone. The dog is always fed after the vdieel moves, but as soon as he hears 

the high tone, the saliva ceases to flow.

After the dogs have been trained to this point, an operation is per

formed and a certain portion of the brain is taken out. This operation up

sets the whole order of the series. Professor Pawlow proposes to take out 

additional portions of the brain from time to time and determine the rela

tion between the brain and the flow of saliva.

He is very much in need of a new' laboratory as the experiments are of 

course much interfered with by extraneous sounds, such as the noise made by 
his assistants in walking around the building or by other dogs barking.

Some people in Moscow have contributed 80,000 roubles for a new building 

for his investigations and with this he plans to build a small experimental 

laboratory; if this proves satisfactory, and the work grows rapidly, he 

will undoubtedly have a larger Institute later,

Lhile I found that many foreign investigators are inclined to think 

tnat Professor Pav/low is making a great error’ in giving up the work on
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digestion for these reflexes, nevertheless one is greatly impressed 

with the intense eagerness and earnestness of purpose that he exhibits 

in all of his work and with his broad-minded consideration of the pro

blems involved. It is ea,sy to see why he was the recipient of the 
lîobel prize.

Practically all of the research work done in St. Petersburg on 

digestion and fistulas is carried out by E. S. London in another labo
ratory. Inasmuch as there have been professional differences between 
Professor Pawlow and London, I was interested to learn from the majority 

of physiologists that London's most recent investigations are not accorded 
the approval given to his earlier work, which was done in Professor Pawlow's 
laboratory.
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Fig. 77. 

This was taken

A photograph of Professor Pawlow and, myself, 

in the courtyard of the Institute for Experimental

Iledicine.
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Fig* 78* One, of the large dogs used by Professor Pawlow for collecting

gastric juice by means of a tracheal fistula
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Pig. 79. Another view of the dog shown in Fig. 78.
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Laboratory of the Imperial nodical Academy.

Dr. "artasehefsky.

My visit to this laboratory proved fully as interesting as the one I 

made three years ago, and I found that Dr.Kartaschefsky is still interested 

in the effect produced on the haemoglobin and lung gases by deficient 

oxygen in the air. At the time I was there, a rabbit was inside the respi

ration chamber who for several days had been breathing an atmosphere con

taining only 6 per cent of oxygen. Dr. Kartaschefsky proposed to make 

a blood gas analysis after the experiment was over and find out the effect 

on the haemoglobin of this deficiency in oxygen. (See Fig. 83).

The apparatus for the blood gas analyses seemed to me altogether too 

large and cumbersome for this work, and not at all in keeping with the 

modern idea of what a blood gas analysis apparatus should be. For the oxygen 

determinations, the explosion with hydrogen was employed. I noticed a Tuntz- 

Geppert apparatus put av/ay in a glass case which, Dr. Kartaschefsky told me, 

they were unable to use, as the gas meter gave them a great deal of trouble 

and seemed to be entirely wrong.

In discussing the Pashutin respiration calorimeter which hau been in

stalled in this laboratory, but which is not now in use and probably will 

not be for some time, Dr. Kartaschefsky told me that Likhatcheff and 

Avroroff made alcohol check tests of this calorimeter and obtained very good 

results. They had, however, never made any short period tests. This appa

ratus is shown in Figs. 86 to 91. Dr. Kartaschefsky is very anxious to 

make experiments on men using an atmosphere deficient in oxygen and making the 

determinations in short period*, btit I told him that it was hardly probable 

that they could get satisfactory determinations for short periods with this 

apparatus. For the oxygen determinations, he intends to try our method of

using soda lime as an absorber and admitting oxygen from a cylinder.



Through Dr. Kartaschefsky*3 courtesy I was able to take a number of 

photographs of apparatus and lecture charts in the laboratory. These are 

shown in Tigs. 81 to 93. Dr. Kartaschefsky impressed me as being a very 

serious and strenuous worker. lie has two very intelligent dieners,

who are evidently very efficient and upon whom he relies for much of the 

experimental work.
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Pig. 80. Two of the dogs used by Professor Pawlow in the gastric

juice experiments.

The Russian dieners holding the dogs may be seen in part. These dogs 

have served as subjects from two to seven years.



Pig. 81. Photograph of lecture chart showing details of Pashutin

respiration calorimeter for small animals.
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Pig. 82. Lecture chart illustrating the schematic details of the

Pashutin respiration chamber.

The rabbit used for the subject inside the chamber, the train of 

purifiers containing sulphuric acid and caustic potash, and the small gas 

meter for measuring the volume of air are shown here.
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Fig. 83. Details of the Likhatscheff respiration apparatus for small 

animals as used in the laboratory of Dr. Kartaschefsky.

This apparatus is an exact duplicate of that in Professor Likhat- 

scheff’s laboratory. The method of weighing several carbon dioxide ab

sorbers at once is here shown. The rabbit inside the bell jar was liv

ing in an atmosphere of about 6 per cent of oxygen.
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Fig. 84. System of water-levelling bottles used, for the measurement of 

oxygen admitted to the closed-circuit apparatus of Likhatscheff

in the laboratory of Kartaschefsky.
At the left are shown two large copper tubes which are used as reser

voirs and which give a definite pressure.
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Pig. 85. Details of the regulating system for admitting oxygen into the

Likhatscheff respiration apparatus in Dr. Kartaschefsky's

laboratory.



174

Fig. 86. Lecture chart illustrating a cross section of the Pashutin

respiration calorimeter for human beings.
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Fig. 87. View of a photograph in the Military Academy shoeing the 

Pashutia respiration calorimeter for men in process of

erection.

This gives a general view of the inner metal shell with the outer

wooden covering.
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Fig. 88. View looking into the top of the Pashutin respiration

calorimeter for men.

The stepladder by which the subject descends is shown. Also the 

rubber gaskets on the two metallic walls which separate the outer -water 

jacket. The outside is of wood sheathing, painted white, which forms

the outer air insulation.
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Pig. 89. Another view of the top of the Pashutin respiration calorimeter.

This is from nearly the same position as Fig. 88, but with the first 

metal cover in place, all ready for the water to be turned on. The two 

glass portholes are shown, as well as the bolts over which the cover is fas

tened. The bolts ready for the second metal cover may also be seen, as well 

as the sheathing on the outside. Above this portion, the apparatus is com

pletely filled with water after the subject is inside.
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Fig. 90. Outside metal cover for the PasMtin respiration calorimeter.

The two glass portholes are seen at the right and the left. In the 

centre is a metallic dome in which air can collect and he withdrawn as de

sired.



Pig. 91. Exterior of the Pashutin respiration calorimeter.

The stairs at the right lead to the small gallery above, where 

entrance is obtained to the calorimeter, and from this gallery the pic

tures of the opening at the top of the calorimeter were taken.



Fig. 92. Upper portion of two large spirometers used for studying 

the influence of varying percentages of oxygen on

respiration.

These spirometers hold 3000 to 4000 liters each.
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Pig. 93. Lower portion of the two large spirometers used in the 

•preparation of various gaseous mixtures in the laboratory

of the Imperial Medical Institute.



Laboratory of the Phamalogical Department of the

./omen’s Medical College.

Processor A. A. Likhatscheff.

Respiration apparatus for snail animals.-l/uch to my surprise, I found 

installed in Professor Likhat.cheff ' s 1 aboratory a new respiration apparatus 

for small animals on the Regnault-Reiset principle, the details of which had 

been worked out in a very ingenious manner. Several photographs which were 

taken of it are given in Pigs. 94 to 100.

She pump, which is clearly shown in Pig. 100, consists of two rubber bulbs 

with Bunsen valves in them, upon which pressure is brought alternately by a 

rocker arm, actuated by an electric motor. This pushes the air through a 

system of purifiers consisting of vessels containing sulphuric acid and a 

solution of caustic potash, and thence to the chamber. After leaving the 

chamber, it passes through another system of purifiers, these purifiers being 

placed upon the pan of a delicate balance. (See Pig. 97) . As the oxygen is 

consumed, the pressure inside the chamber decreases and new oxygen is auto

matically admitted from a tall standpipe which is partly filled with water.

As oxygen is admitted, the water rises in the standpipe and can be read on a 

graduated scale at the left. (See Pigs. 90 and 99).

Professor Likhatscheff is evidently developing this apparatus with great 

care and is even so particular as to have oxygen above the water in the supply 

tank leading to his reservoir, so as to avoid any possibility of nitrogen in 

the water and therefore have oxygen replaced by nitrogen. As a matter of fact 

from the method of calculating the results I can see no reason why this should 

introduce a serious error.
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I*1 ar* cxporiiaont like the one with a rabbit which was in progress when 

I was there, the percentage of carbon dioxide inside the hell Jar is seldom 

above 0.1 per cent. As a natter of fact, for absorbing the carbon dioxide, 

Professor Likhatscheff uses seven Drechsel gas-washing bottles, two con

taining sticK caustic potash, two with a solution of caustic pjotash, end 

finally, two or three wit’ sulphuric acid. According to my calculations, 

tnere were nl chances for leaks in these connections. This, I think, is 

a serious objection to the apparatus.

xne oell Jar is clamped down with a rubber gasket and sometimes a 

little vaseline and water is used to seal it, but he always finds it tight, 

nie apparatus will be used mainly for experiments in pharmacology as that 

xs Professor Likhatscheff•s lino. He is very desirous of studying the 

effect of chlorform on metabolism, etc.

At present ne has only one assistant, but will probably liave others

later as he intends to construct a small Pashutin respiration calorimeter
»

for animals. This is already partly constructed in the next room to the 

respiration apparatus, although not yet in working order. In the partition 

between these two rooms, there is an opening and a window, and all the pre

liminary preparations have been made for connecting the respiration part 

of the chamber with the Pashutin calorimeter. In the room where the cal

orimeter is placed is also a small walled room to assist in the temperature 

control.

Control tests of the respiration apparatus.-The control tests of 
this apparatus are evidently very strictly carried out. Professor Likhat- 

schoff uses a small alcohol lamp, and a 50 c.c. flask with a very small 

wick and a glass tube. On one side of the lamp is a capillary tube so that 

air may enter as the alcohol is burned. This hardly seems necessary, as 

-ne air can work dorm through the wick. On the other hand, the size of
“:1G glass tube is such that there may be a possible retardation of the

capillars action on the wick, ana the small capillary opening In the tube



at the side would then bo necessary. Prom a largo number of experiments 

Professor Likhatscheff lias obtained many results. Thus, from the water 

level he is able to determine the oxygen administered to within 4 cubic 

centimeters, and thinks that the maximum error is 6 cubic centimeters on 

the whole. In ten alcohol check experiments, varying from 7 to. 24 hours, 

he burned alcohol which theoretically would require 317.81 grams of oxygen 

and found actually 317,15 grams. The average error in percentage on the 

oxygen was -0.21 per cent; on the carbon dioxide -0.21 per cent.

Professor Likhatscheff told me that Dr. Kartaschefsky of the Imperial 

kedical Academy had constructed his apparatus without seeing the technique 

of Likhatscheff *s and had obtained equally good alcohol check tests, which 

spoke very well indeed for its accuracy. Liy chief criticism of Professor 

Likhatscheff * s apparatus ms that the oxygen was admitted by volume ever 

water, with temperature changes in the long horizontal column of ..ater, 

while a much simpler method would have been to weigh, the bomb of oxygon.



Pig. 94. Lecture diagram showing the schematic outline of the

Likhatcheff respiration apparatus.

The chamber itself is represented by the small bell jar "T". At 

the right is shown indistinctly the schematic outline of the balance 

on which the absorbing vessels are placed. Below, at the right, are 

the pump and electric motor. At the left is the large cylinder of com

pressed oxygen with arrangement for connecting it with the reservoirs

for constant pressure.
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Pig. 95. Another view of the schematic outline of the Liehstcheff

respiration chamber.

As the chart is hung on the wall, and the room is very high, the 

perspective is more or less distorted.
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Fig. 96. Complete view of the Likhatsoheff respiration apparatus.

The connections between the pump, the sulphuric acid drying bottle, 

and the chamber are here shown, as well as the air connections between the 

chamber and the purifying train which is placed on the arm of the balance 

and weighed periodically. The large barrel seen in the rear of the room is 

for water pressure.
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Pig. 97. A nearer view of the Likhatcheff respiration apparatus.

The motor, rheostat and purifying train on the balance arm are clearly

shown,
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Fig. 98. Apparatus for admitting oxygen to the Likhatcheff respiration

chamber.

The oxygen cylinder is shown at the right, the reservoir chamber at the 

left, and in the centre the glass bottle for regulating the pressure of the 

oxygen admitted.
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Pig. 99. Details of portion of the apparatus for furnishing oxygen to

the system.

The volume of oxygen admitted, is read by the graduated water scale be

side the tall standpipe in the rear against the wall. The large glass bot

tles are raised on the Kariotte flask principle for securing constant pres

sure
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Pig. 100. Details of pump and preliminary washing bottles of the 

Likhatoheff respiration apparatus.

The pump consists of two rubber bulbs on which pressure is placed 

by means of a retary system actuated by an electric motor. The air first 

passes through an empty Woulff bottle in which there is an equalized pres

sure, next through sulphuric acid and potash, and then enters the chamber.



HELSINGFORS, FHTLAHD.

1 o O%J fa*

Physiological Laboratory of the University of Helsingfors.

Professor Tigerstedt.

Professor Tigerstedt is chiefly occupied in literary projects now, being 

editor of the Scandinavisches Archiv f. Physiologie. He is also issuing a 

large handbook on physiology• He has one of the most remarkable nrivate 

libraries of physiology and physiological chemistry in existence. Experi

mental work with the large Tigerstedt respiration chamber was not in pro

gress when I was there, but I found much in the laboratory of interest.

Photographic registration apparatus .-In my visit three years ago, I 

talked with Professor Tigerstedt in regard to the possibility of photo

graphically or electrically registering the pulse rate, indicating to him 

that I considered it of vital importance to note the number of pulse beats 

per minute during a metabolism experiment. Much'to my surprise he lias busied 

himself quite extensively on this point and has succeeded in utilizing 

the photographic registration apparatus of Frank. He had a rubber ball 

which could be strapped around the wist or against the arm by means of a 

piece of webbing, and by air transmission, the pulse beat was transferred 

to a tambour. On this tambour was a small set of mirrors of silvered glass, 

and the movements were photographically recorded by moans of a beam of light 

reflected from above. In this way he was able to study the actual character 

of the pulse. As it is practically impossible to use this method in our 

experiments since it is somewhat costly, and not adapted for long periods of 

experimenting, he had further devised the plan of using one of Sandstrom’s 

celluloid tambours and recording the pulse on smoked paper. I was personally 

the subject of several experiments in which this photographic registration
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apparatus was used, and came to the conclusion that the amount of traction 

required to press the rubber bulb with sufficient firmness against the arm 

to give the proper impulse was too great to use with ordinary individuals, 

and particularly objectionable Tor patients. Unfortunately, therefore, 

we cannot use this method in connection with our respiration calorimeter 

experiments.

Experiments on body temperature.- An extensive investigation was in 

progress in regard to the effect upon the rectal temperature of warming the 

body by external heat. This was carried out with an apparatus like the one 

we use, the leads being fairly well protected by cotton batting. The men 

were put into the chamber, and electric light and air baths given. During 

these baths it was found that the body temperature fell, and the subject 

perspired profusely.

Another interesting line of investigation was a topographical study 

of the sense of heat in the body. Professor Tigerstedt had a mercury ther

mometer with a flat bulb, around which was wound an electrical coil. This 

flat bulb was placed on the body and heated by the electric current to the 

desired temperature. In this way a topographical study was made of the 

sensitiveness of the body at different temperatures and some very interesting 

results were secured which will be published shortly.

An investigation of general interest was the phonographic record of 

voices. To supplement the phonographic records, a study is made of the 

method of producing the sounds which are recorded by the phonograph. A 

plaster cast of the mouth is made which is silver-plated or tin-plated 

later, and after being smoked, the cast is placed in the mouth. "lien a 

special word or syllable is pronounced, the tongue touches the carbon 

soot deposit. The record is then magnified and photographed.

The laboratory was provided with a good operating room and I was 

especially interested in the series of cages for animals, which are shown in
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° * Professor Tigerstedt told me that it was almost impossible to 

get dogs in Finland, and even for rabbits they had to pay GO cents. A 

criticism made by Professor Tigerstedt, which has also been raised by others, 

"as ij0 ^-e effQct that Professor Lunt? has used one apparatus for thirty 

years without modifying it. On the other hand, he said that this apparatus 

nas been of wonderful service to physiologists and an exceptional amount of 

v/ork has been done with it, and very beneficial and profitable results 

obtained by its means.

A visit to Professor Tigerstedt is always full of interesting reminiscence; 

as well as of interesting discussion in regard to current problems in physiol- 

olgy. His thorough command of the literature of the subject is marvellous 

and he is always instantly ready to supply a reference to any particular 

paper or to any particular discussion of a topic in physiology. it is a 

source of great regret to me that he is so remote frfctm most physiologists.

On the other hand, he is an ardent patriot and believes that he is doing most 

.or his country by remaining in Helsingfors. 'The same may also be said of 

Professor Pawlow at St. Petersburg. The loyalty of both these men to their 

respective countries is most inspiring.

I was fortunate enough to obtain two very good photographs of Professor 

Tigorstedt, doubtless as good photographs as he has ever had taken. (See Figs. 

101 and 102). lie has rendered a great service to the Nutrition Laboratory 

by translating into German and into Swedish .many of the results of our work, 

and was one of the first, if not the first, of the foreign investigators to 

incorporate in an extensive, discussion the results presented in Publication 

Ho./7. It is obvious that Professor Tigerstedt*s writings are eagerly read 

by all Continental observers.
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Fig. 101. Professor Tigerstedt at his library tablef-an excellent likeness.
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Pig. 102. Another portrait of Professor Tigerstedt.
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Pig. 103. Animal cages in which animals are kept after operations.

The bottoms of these cages are of wire grating which can be with

drawn by means of the two handles shown in the photograph, and thus read

ily cleaned.
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STOCKHOLM. SWEDEN.

Physiological Laboratory of the Karolinslca Instituted

Professor J. Johansson.

Since my visit of three years ago, an addition has been built to the 

Physiological Department, and among other changes, the large Sondén-Tigerstedt 

respiration chamber has been demolished. In a special room in the basement, 

however, a small respiration chamber has already been constructed and plans 

have been made for a larger one. The large chamber will in all probability 

have calorimetric features. In the center of the floor of the large room 

in the basement is a cemented pit which is 400 centimeters long, 318 centi

meters wide, and 87 centimeters deep. In the bottom of the pit is a recess 

7o centimeters deep, 240 centimeters wide, and 320 centimeters long, with 

sligntly sloping sides. This pit was planned for vixen our Publication ITo. 42 

was issued, as Professor Johansson hoped to use it in the construction of a 

calorimeter. lie is particularly desirous of determining the heat in periods 

as short as 2 hours, but is not so much interested in maicing determinations 

of the carbon dioxide and oxygen.

Respiration chamber.- The new respiration chamber, which is already 

constructed in one corner of this basement room, is 267 centimeters high,

200 centimeters wide, and 297 centimeters long, with the corners cut off 

at an angle, so as to diminish space. It is painted white both inside and 

outside and one end is almost wholly of plate glass. Lihe the Middletown 

calorimeter this chamber ha.; a series of walls, one inside the other, the 

inner wall being of soldered sine, outside of this an air space, then 

building paper, then a second air space, again building paper, and finally 

an outside wall of matched lumber. The threshold of the door'is about one

foot above the floor
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nie ingoing air can bo drawn from three places on different sides of the 

ouilding, so that if it is stormy, the air may he taken from the most sheltered 

side. Before entering the chamber, the air must usually pass through at 

least G or 7 meters of a pipe 14 centimeters in diameter. This pipe goes 

through the wall of the building and at the outer end is protected with a

wire netting and a grating to shed water. One of the openings, that on the

river side of the laboratory, is only about a meter in length, and is the 

shortest and most direct route hy which air may enter the chamber, but 

apparently this is not at present in use. Inside the chamber there are two 

radiators, onö at the top for cold water and another below for steam, so 

that in experiments with hard muscular work, heat may be brought away from

the chamoer, and in very cold weather the chamber may be warmed, fho series

of photographs designated as Figs. 104 to 111 give different views of the 

respiration chamber and accessory apparatus as they now appear, and also of 

the pit for the new apparatus.

Experiments on the ingestion of carbohydrate.- By far the most important 

feature of my visit to Stockholm was the prolonged discussion with Professor 

Johansson of his published experiments on the ingestion of carbohydrates.

Professor Johansson’s theory is that the amount of material in the body 

is not as a rule essentially changed from time to time; on the other hand, he 

is a firm believer in the intermediate steps of metabolism, and believes that 

there are certain depots in the body in which food may be deposited and that 

these depots are drawn upon by the living processes of the body. When no food 

is taken, these depots are diminished in size, but when food is taken, instead 

of its being immediately burned, it is first stored in these différent depots. 

When the body is glycogen-poor and carbohydrate is ingested, the carbohydrate 

is first deposited as glycogen to make up the deficiency. If the body is 

saturated with glycogen, then the carbohydrate ingested is converted into 

fat and deposited as fat. In this process, carbon dioxide is given off 

unaccompanied by any oxygen, but during this time, the fat combustion also
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Pig. 104. General view of Johansson chamber.

This shows the meter with the pipes leading to the chamber. The 

stepladder inside the apparatus was used in the earlier experiments 

of Johansson, Sondèn, and Tigerstedt for climbing up and down in mus

cular work. A part of the rail around the pit prepared for the large 

chamber is shown and a view of the mechanician Jarl standing near the

door
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Fig. 105. Outside of the Johansson respiration chamber.

The system of collection pipettes for the gas, and the gas meter 

through which the samples are taken may be seen in this view. The sto

rage pipettes were being installed at the time the photographs were ta

ken.
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Pig. 106. Front view of Johansson chamber.

The gas meter is shown at the right and the door opening into the 

chamber can he seen directly in front. The levers for closing the door 

are also shown, as well as the small opening at the left which serves as

a window.
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Pig« 107, View of the interior of Johansson chamber.

Th8 round opening at the bottom near the center is for the outgoing 

air. The window in the rear is covered with a large sheet of glass. On 

the outside, at the left, is a small opening which serves as a window, and 

at the right of this window may be seen the lever used for closing the door

of the chamber.
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Pig. 108. Interior of the Johansson chamber.
This photograph shows two radiators which are used for regulating 

the temperature in the chamber. The small opening serving as a window 

is at the left, together with the lever used for closing the door.
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Fig» 109. Large gas meter used in the Johansson apparatus.

The door at the left leads into the respirâtion chamber.
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Pig. 110. Photograph of the pit -prepared for the construction of

a large Johansson chamber.

This is in the center of the large room in which the present small Jo

hansson chamber is constructed. It is at present not in use, hut is protec

ted by a railing.
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Fig. 111. Chart made by the mechanician Jarl for the construction 

of the tin work of the interior of the new Johansson

chamber.

The small square opening serving as a window is noticeable at the 

right of the center of the picture. The alternate layers of wood and me

tal and the supporting beams are also shown, particularly in the left part

of the sketch.
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continues. The result, therefore, would he equivalent to saying that all 

sugar "before reaching the end products of combustion i.e., carbon dioxide and 

waiter, passes first into an intermediate stage, namely, fat.

Ao I pointed out to Professor Johansson, however, it is singular that this 

relation is so closely held to that the respiratory quotient rarely goes above ' 

1 for short periods. Respiratory quotients above 1 have been found for 

short periods but they are not common and in such cases, the plans of the 

experiments, the apparatus, and the investigator and his technique are not 

always aoove criticism. Additional experiments are much needed on this 

point and it seems to me that _rofessor Johansson himself must make them.

After the ingestion of carbohydrate, Professor Johansson gets an ex

ceedingly large increase in carbon dioxide production. There may be three 

explanations for this: First, that this increase in carbon dioxide pro

duction resulted from a combustion of carbohydrate previously ingested and 

deposited as glycogen; second, that the increase in the carbon dioxide was 

due to increased, muscular activity; and third,that the increase was caused 

by the transformation of sugar into fat according to Professor Johansson's 

theory. In the first and second of these cases, it is plain that there

would be no abnormal respiratory quotient, while in the third, it would be

very abnormal. Inasmuch as Professor Johansson asserts that the muscular 

activity v/as the same in all experiments, the only possible muscular activity 

by which the increased carbon dioxide could be explained would be an enormous 

amount of work caused by the digestion of sugar. This is highly improbable.

The rapidity itself is of very great importance and it is not impossible 

that the increased carbon dioxide production may be due to peristaltic

action. I suggested to Professor Johansson that he try giving some sugar

and a little sodium sulphate, for example, and note vhether or not the ab

sorption is hastened.
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Professor Johansson has made an extensive contribution to Energiestoff- 

Wechsels in Abderhalden*s Handbuch, Ke gave me a, separate of this naner 

which was entitled "Methodik des Energiestoffwechsels" and on it I made a 

large number of marginal notes and references which we subsequently went 

over together very carefully. These references have been amplified by cer

tain additions which have been made.

As a result of our discussion, a number of experiments have been 

definitely planned for with particular reference to a study of the influence 

upon the body of the ingestion of large amounts of carbohydrate both before 

and after muscular exercise so that the body may be studied when in a 

glycogen-rich or glycogen-poor condition. It is very difficult to reconcile 

Professor Johansson's results with those obtained by us in preliminary ex

periments on the effect of the ingestion of large amounts of sugar and also 

with the results obtained by Professor Zuntz on dogs in which large amounts 

of sugar were also given. By reference to the discussion .with Professor 

Zuntz given in this report, it will there be seen that vhen he gave a very 

large amount of sugar to a dog, he found no such increase in the carbon dioxide 

production as was found by professor Johansson. Obviously, this great dis

crepancy should at once be cleared up as Professor Johansson is too careful 

a worker for his results to be rejected as unreliable. Furthermore, the 

technique of the Sondên-Tigerotedt respiration apparatus has been subjected 

to so many tests that it would seem almost impossible to criticize it ad

versely. whether any possible change in the technique took place subsequent 

to Professor Tigerstedt's going to Helsingfors and the apparatus since then 

has not been sufficiently controlled by alcohol check tests, I cannot say, 

and yet we must look somewhere for this discrepancy.
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irofessor uohansson is firmly convinced that this excessive excretion 

of carbon dioxide unaccompanied by muscular activity must be due to the 

splitting off of carbon dioxide from sugar in the forming of fat. This is, 
however, directly opposed to what we would expect under these conditions 

unless we are to accept Professor Johansson's theory in regard to the depots 
in the body and the transferring from the carbohydrate depot to the fat depot. 
We are planning to make experiments in the Nutrition laboratory shortly which 

will oe primarily designed to control and check Professor Johansson's experi

ments, and thus hope to definitely settle this point, as a fundamental 
principle is involved in the whole investigation..



Laboratory of the City Board of Health

Dr. Sondên»

Discussion of results of air analyses.-For some months ve have been 

making a series of air analyses in the ITutrition Laboratory and in this 

connection we have used a very delicate Letters -,on gas analysis apparatus, 

modified by Dr, Sondên and built for us by Grave of Stockholm. I had with 

me a large number of results from this investigation to show to Dr. Sondên 

and our discussion proved most profitable. The fact that there were 

considerable alterations in the oxygen content of the atmospheric air 

was very difficult for him to explain. He thought that this variation 

might be caused by a very rapid air current and that the air which we 

breathe on one day might have been in the middle of Africa the day previous 

and subjected to veiy different conditions. In proof of this, ho in

stanced the fact that volcano dust is carried rapidly out to sea for 

thousands of miles. We would have, therefore, no grounds for assuming a 

constancy in the oxygen content. On the other hand, in air coming from a 

land of rich vegetation, one would expect not only a low percentage of 

oxygen but also a high percentage of carbon dioxide. Our researches, 

however, show a wonderful constancy in the carbon dioxide content from 

day to day.

Dr. Sondên told me that Professor Lettersson had worked a great deal 

upon the question of air analyses and had used phosphorus, pyrogallic acid, 

sodium-hydro sulphite, burning in copper, and all possible methods, but his 

results had never been published. One interesting point brought out by 

Pettersson was the possibility of there being a respiration of the ocean, 

carbon dioxide being at times absorbed, and at other times given off. 

Vegetation gives up oxygen and Sondên believes that factories give up a 

very large amount of carbon dioxide, although they of course also use



oxygon. Ho. over, as this oxygen is used to bum not only carbonaceous 

matter-"but also hydrocarbons, there will be a change in the composition 

clue mostly to the hydrogen burned, independent of the carbon dioxide pro

duced. in ohis case, however, there should be a change in the percentage 

on the basis of the absolute value. For example, if the carbon dioxide 

changes from 0.020 to 0,038, there would be an absolute increase of car

bon dioxide amounting to 33-1/3 per cent. On the other hand, if the 

oxygen only changes from 20.90 to 20.94, the absolute change would not be 

noticeable. However, if we consider the actual; change in the oxygen 

if the whole atmosphere changes from 20.90,to 20.94, there is clearly a 

much greater change in the total amount of oxygen than there is in the 

carbon dioxide.

In discussing the method of making an air analysis and the general 

principle involved, hr. Sondên referred especially to the saturation of 

the potassium hydroxide solution by nitrogen and oxygen. lie pointed out 

that at the beginning of an air anlysis, nitrogen is left over the py- 

rogaljic acid and that the potassium hydroxide in the carbon dioxide 

pipette is saturated with a gas mixture of about four-fifths nitrogen and 

one-fifth oxygen. After the carbon dioxide is absorbed, the gas with 

which the solution is brought in contact is fairly rich in oxygen, despite 

the carbon-dioxide-free air, namely, one-fifth oxygen. If, however, there 

is an exchange between the nitrogen and the oxygen in the caustic potash 

and the nitrogen and*oxygen in the air, this would vitiate the determinations 

of the carbon dioxide. We should therefore use an apparatus in which the 

caustic potash is saturated with a nitrogen and oxygen mixture, that is, 

carbon-dioxide-free air, as we cannot otherwise secure accuracy in our results 

for carbon dioxide and nitrogen. Dr. Sondên and I reasoned that in all 

rooability, with 20 per cent of oxygen, there would be no error, as the 

solution -, as saturated with nitrogen at the beginning and the ond of each

determination,
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With the apparatus used in the nutrition Laboratory, which determines 

not only the carbon'dioxide but also the oxygen, the measurements are made 

of air which is actually under a diminished pressure and this fact necessi

tates the use of corrections. For instance, the volume of air in the bulb 

of the pipette at 0 indicates a sample of 60 c.c., and a change from 0 to 

1 would represent an increase in the volume to 60.G c.c. As a matter 

of fact, however, this graduation should allow for the expansion of the 

gas. Thus, if from alpha (the mark at the top of the bulb) to 0 (the mark 

at the bottom) represents a volume of 60 c.c., from alpha to 1% should 

represent a volume of 60.6 c.c., and as the air is under a diminished 

pressure, the scale should not be in equal divisions. I took this matter 

up with Grave and he assured me that if Dr. Sondên stipulated that this 

should be done, the instructions were followed when the instrument was made.

These air analyses are of value to us not so much for the purpose of 

studying the composition of the outdoor air as for studying the change in 

composition of the air passing through the respiration chamber. I suggested 

to Sondên that if we had a duplicate analysis apparatus in which the air 

entering the chamber was analysed over exactly the same pyrogallic acid as 

was used for the analysis of the air leaving the chamber,we would then be 

able to obtain a more accurate differential per cent than we were able to 

do at this time. Sondên had had no experience with oxygen determinations 

except with an apparatus in which the oxygen was determined by admitting 

to the air a definite volume of pure hydrogen (electrically prepared), 

passing this through a quartz tube containing platinum which was heated to 

incandescence, and then determining the diminution in volume. This apparatus 

I described in my report of 1907, but Dr. Sondên said that the apparatus 

did not prove to be practicable. He said, also, that Dr. Pettersson was not 

satisfied with the apparatus.
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As a result of our conversation, Rudolph Grave of Stockholm is now 

constructing for us a gas analysis apparatus according to a set of plans 

drawn up by myself and Dr. Sondên. This apparatus will have two 

pipettes, immersed in the same water hath. The caustic potash and pyro- 

gallic acid in these pipettes will he of the same composition. By this 

means, we hope to,obtain a differential analysis of the air entering and 

leaving the respiration chamber and thus to eliminate many of the errors 

incidental to a single gas analysis absorption vessel. Dr. Sondên is 

giving a great deal of time to planning this apparatus and in working 

out the details. When Grave has finished its construction, Dr. Sondên 

will have one of his assistants test the apparatus.

Personal impressions of Dr» Sondên and his vork.-It is always a 

source of regret to me that Dr. Sondên cannot occupy some large univer

sity position where he can devote his time primarily to research. I have 

seldom met a man who combines mechanical ingenuity, technique, and pre

cision of skill with such a general breadth and grasp of the problems 

involved. Undoubtedly he is doing a great deal of important work for 

the Board of Health in Stockholm, but as it is, he is nearly lost to 

abstract scientific research.
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Pig. 112. Apparatus case containing a large number of different forms of 

Pettersson and SondÆn gas analysis apparatus, and hygrometers.



CGFEKHÀGHÏ, DEÏÏLIAP.K.

Laoorator:; of the Experiment Station.

Professor 7, Henri gués and P r o f e s s o r A » T% rp gh ,

Professor Henriques was extremely cordial and showed me his laboratory

as he did in my visit of three years ago, In this laboratory the feeding
*

of a hydrolytic products of.protein has been studied and they have found 

that if the protein was broken down by enzymes, it is possible for the body 

to synthesize protein from- it and keep up the nitrogen balance, for the 

tryptophane was not broken down by the enzymes. If the protein is 

treated with acid and heated, however, the tryptophane is broken dorm. 

Professor Henriques is now working on goats.using ammonium salts, such 

as the acetate, and finds that he can keep them in nitrogen balance even 

with ammonium salts. I asked him about the thermal junction calorimeter 
used by Bohr and HasselbJch in their respiratory work on eggs. Professor 

Henriques said that in this apparatus they used two chambers, one with the 

egg and the other without, air being passed through both. Between the 

chamber? there was a thermal junction system. The whole apparatus is now 

broken down, and is not used.

Dr. A. Krogh.

Pending the construction and equipment of a net; lab orator/, Dr. Krogh 

is working in the laboratory of Professor Henriques. He is very enthusiastic 

over the Jaquet principle for respiration experiments, but believes, as do I, 

that we must have very exact air analyses, if possible to 0.001 per cent.

In Greenland he used an apparatus which gave analyses of 0.01 per cent 

and he feels sure that most of his data were as accurate as this, but said



that one or two experiments were absolutely wrong.

Dr. Krogh's experiments in Greenland.- In the Greenland experiments, 

ne gave the subjects a diet containing a large amount of protein and 

«nought that in this way he might he able to get some light on the for

mation O-i fat or glycogen from protein. He used seal meat and removed 

all the visible fat but found that there was an enormous amount of fat 

in ifie meat itself,-a fact which he had not realised. The apparatus was 

not air-tight, but there was always a diminished pressure, and he always got 

outdoor air with no leak outward. He believes that the carbon-dioxide 

in such an apparatus could easily rise to 1 per cent and the oxygen content 

would be not far from 20 to 21 percent. He calculates the total ingoing 

air from the nitrogen in the outcoming air, and analyses of the ingoing air. 

All the nitrogen coming out of the apparatus must have had a definite amount 

of oxygen with it when it went in. He also emphasizes the importance of an 

analysis of the residual air. He told me that his gas meter was accurate 

to 0.25 per cent wi th a constant level water at tac liment, and thinks this 

of the greatest importance, and that the gas must always be measured wet.

He has no use for the paraffin oil arrangement of Staehelin. hrogh praised 

the Haldane gas analysis apparatus very highly.

I lev; apparatus for .gas-analysis.- As he believes that the Jaquet 

principle is of fundamental importance in studying metabolism problems, and 

recognizes that it depends in general upon very accurate gas analyses,

Krogh has busied himself during the last year with developing a new gas 

analysis apparatus. The pipette holds 50 cubic centimeters and is so divided 

that l/20 of each division equals 0.001 per cent of oxygen. By using a lens, 

he feels perfectly sure that he can read to 0.001 easily, as he has had a 

great deal of practice. After measuring the gas he dries it over phosphorus 

pentoxide hd says that the gas should always be thoroughly dried in a 

special chamber for this purpose. The pyrogallic pipette is unique in con-
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g tract ion. It consists of a U~tube having a series of inverted cones.

These tubes are seen in Pigs. 113 and 114. He thirties by means of this 

cone construction, all possibility of air bubbles is avoided, but in 

usine rods and glass tubes, there may be an occlusion of gas bubbles which 

nay occasionally catch in the tube. In speaking of the partial pressure 

of nitrogen in the liquid he said he uses potassium-hydroxide, saturated 

with air, as a solvent for carbon dioxide. The question occurred to me, 

does not the Sondên apparatus eliminate any errors in carbon dioxide, 

since Krogh always measures carbon dioxide plus oxygen, and later deducts 

carbon dioxide?

The Krogh. apparatus is remarkably accurate, without doubt, and is fully 

up to the standard of his usual type of work. I question whether others 

could learn to use it, but he believes that the technique could be easily 

acquired by other experimenters. The whole apparatus is kept at a constant 

temperature in a water bath, the temperature being regulated by means of the 

Toluol regulator of Ostwald. If he uses the liquid saturated at differ

ent temperatures, it affects the results and a constant temperature is 

necessary. To keep this bath at a constant temperature, he burns gas night 

and day. He uses a tube with absolutely dry air in it as a compensation 

tube, though he says with but a little water-vapor, it would act as a 

perfect gas. All of the gas has to be dried by passing it over phosphorus 

pentoxide a second time into a reservoir with mercury in it. He says that 

the setting of the mercury, or potassium pentoxide, or pyrogallic acid on 
thesis very accurate, though the calibre of the tube is small. He lays 

great weight upon the fact that the mercury must be absolutely clean in 

order to obtain a good reading on the meniscus, and consequently it must 

be absolutely dry and not come in contact with rubber tubing. For the 

mercury reservoir, he uses a glass standpipe with a bulb at the bottom and 

;reat ressure is required to force the gas into the mercury reservoir



219
iivA to suck the mercury hack and forth. 3y connection rath a vacuum 

water pump, he sucks the mercury up and lets it fall hack by gravity.

(See Pigs. 115 and 116). This arrangement is very practical. It is 

possible that water may he left adh ring to the walls of the glass tube 

belov/ the meniscus at times, i.e., water carried below the meniscus by 

the mercury and left there. This would lead to an error. If there is 

such a possibility for error, then owr oxygen determinations may be in

accurate, as when we raise mercury, it may leave a drop of water on the 

walls of the smaller bulb and the quantity may not be constant in amount. 

Thi3 point is very important. Guch details as these emphasize the im

portance of the utmost accuracy and painstaking care in using delicate 

gas analysis apparatus. Por example, the level of the mercury stands 

in the measuring pipette at zero. v.e are actually measuring nitrogen 

plus oxygen, plus carbon dioxide, plus some water vapor, plus a snail 

amount of water. After the absorption of the carbon dioxide and returning 

the gas to the pipette for measuring, we assume that the nitrogen, oxygen, 

water vapor, and water are unchanged in volume and that the decrease in 

volume as indicated by the change in the level of the mercury is due to 

loss of carbon dioxide. Krogh thinks that a very important point is 

the adherence of moisture to the walls of the glass vessel while reading 

these volumes. This applies more particularly to the oxygen pipette on
aUthe Sondên apparatus. While with the carbon dioxide, there was but rela

tively slight change in the level of the mercury, in the oxygen pipette 

there is a small bulb and quite a long length of tube which is filled with 

gas at the start and at the end filled with mercury. Theoretically, there 

should not be any water adhering to these walls, and all the water should 

be above the.mercury. Two series of tests should be made, in the first 

series raising the mercury very, very slowly until it reaches the proper 

mark, and in the second, raising it rapidly. In these tests, observations



should be made as to whether a change in level is noted due to the water 

rising on the side of the tube and collecting on top of the mercury.

A careful examination of Krogh*s new apparatus leaves one divided be
tween admiration of its delicate construction and the ingenuity displayed. 
It is to be regretted that probably very few people can use it and secure 

such results as Krogh has secured. Even estimating the subdivisions of 

the graduations on the scale may be a matter of great conjecture. To esti
mate l/20 of a subdivision is not easy, and very few poeple would agree 

in estimating with the unaided eye the difference between two marks in 
terns of twentieths. I called Professor Krogh's attention particularly 
to the importance and necessity of making a series of ordinary outdoor 
air analyses with his apparatus and comparing the results, also to the 
storing of a definite amount of outdoor air in a metal vessel and analyzing 
from day to day. Air having a constant comrjosition should give the same 
results with the apparatus on different days. The apparatus is new and 
the control tests have not yet been sufficiently extended to throw light 
on these points, but I understand that Dr. Krogh will carry his investi

gations further
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Fig. 113. General view of the Krogh apparatus for the analysis

of atmospheric air.

The whole apparatus is immersed, in a water bath which is kept at a 

constant temperature by means of a theimo-regulator. The two measuring' 

pipettes are shown at the left. The potassium-hydroxide is in the reser

voir in the middle, and the peculiar shaped series of bulbs at the extreme 

right is the potassium pyrogallate pipette. The mercury is raised and lo

wered by means of compressed air, or by suction through the water current. 

Above is shorn the curved manometer in which there is a small drop of pe

troleum oil. At the left of this is the chamber for explosion, filled with

mercury.
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Fig. 114. A somewhat closer view of the gas analysis apparatus.

The two measuring pipettes at the left, the potassium-hydroxide pi

pette in the middle, and the peculiarly shaped potassium-pyrogallic pi

pette is seen at the right. At the extreme right is shown the Toluol reg

ulator for temperature control.
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Fig. 115. Suction flask and arrangement for raising mercury in

a pipette by auction.
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Pig. 116. A closer view of the stopcock arrangement for raising and

lowering the mercury.

The fine-thread, graduation tube for exactly adjusting a level of mer

cury in the measuring tube is .shown



EDINBURGH, SCOTLAND.

Physiological Laboratory of the university of Edinburgh.

Professor E. A. Schaefer and Dr. W. Cramer.

Professor Schaefer's activities are confined almost exclusively to literary 

work and to experiments on the feeding of hypophyseal extract to animals. '.Hie 

reconstruction of a part of his laboratory, and the preparation of a new 

edition of an old book, occupies much of nis time. I discussed with him at 

considerable length the experiments made by Dr. Homans and myself on the 

removal of the hypophysis from animals. He is very strongly of the belief 

that we should try experiments on feeding the hypophyseal extract.

\7hile at North Berwick, Professor Schaefer's home, I was much interested 

in acquiring the technique and hearing the development and subsequent history 

of the Schaefer method of resuscitating asphyxiated and drowned persons. Pro

fessor Schaefer used some valves on the Chauveau principle for measuring the 

amount of air that he could actually pump into and out of the lungs of a per

son, and by this means he was able to develop that technique which allows for 

the maximum ventilation of the lungs, believing that this is an important 

point in resuscitating drowned persons. The method, which is extremely simple, 

calls for no complex technique and has been used by the Metropolitan Police of 

London for the past year with very great success. It seems to be in every way, 

both practically and theoretically, far in advance of the older Sylvester

method
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Dr» ff, Cramer»

ür. Cramer has been doing considerable work on the excretion of creatine 

in diabetes, and has found very noticeable excretions of this compound with 

difierent diabetics. I pointed out to him that it was important before 
drawing too many deductions to establish clearly the fact that the presence 

of acetone, 13-oxybutyric acid, and other allied products, does not affect 

the Jafi'e reaction. He will probably make further experiments along this 

line.



227

GLASGOW, 3C0TLAIID.

Physiological Department, of the University of Glasgow.

Professor Paton and Dr. Cathcart.

This ms ray first visit to the University of Glasgow, The laboratory is 

a magnificent building, beautifully situated, and admirably adapted for 

stuaent work. In treating the animals used in their experiments, the inves

tigators have found that the porridge diet works very well indeed; the feces 

are good and not fat, but are bard and do not stick to the bottom of the pan. 

The routine of the laboratory is so established that feces are removed as soon 

as passed, there being an attendant in the building practically all of the 

time; in fact, the attendant makes it a part of his regular duties to inspect 

the noxes and remove feces as soon as passed.

Professor Paton in conjunction with Dr. Cathcart has been attempting some 

work on fever in animals and has tried to make a calorimeter. 1 could not 

find out just what it was as all 1 could see was a plain pine box with two 

rubber tubes. Prom what he told me I imagine that the apparatus has not been 
very successful and that it is hardly more than preliminary.



Dr. Cathcart

Dr. Cathcart is mien interested in the study of creatine in diabetes; 

when the carbohydrate in the diet is low, he says he always find creatine, 

He also finds that bodies other than acetone do not appreciably affect the 

Jaffé reaction. (This is interesting in connection with the point I raised 

at Edinburg) . Subsequently other investigators have found that there is 

a noticeable effect, so the question is by no means settled. Cathcart 

thinks that carbohydrate is extremely important in metabolism. Ke is some

what inclined to the glycogenic transformation idea, and was very keen 

about the possibility of forming glycogen from fat. He thinks that even 

if there is a low nitrogen output, there may be a very large cycle of ni

trogen metabolism, in which but a part of the nitrogen, perhaps only a small 

part, is excreted at the end. On a carbohydrate-free diet he says they 

invariably get creatine. In phloridzin diabetes in dogs they get

creatine, which is not due to the action of the phloridzin, for if the 

phloridzin is given plus excessive carbohydrate, there is no creatine, They 

use a Duboscq colorimeter, and a very strong V/elsbach light, but must have 

a blue glass to cut out certain rays. I found in the laboratory, also, a 

Haldane respiration apparatus for small animals.

Dr. Cathcart impressed me as being one of the keenest men that I saw 

in England. He has travelled considerably and lias spent some tine in 

St. Petersburg, working with Professor Pawlow on problems in metabolism and 

also on psychical stimulation. I find that he is very well thought of 

throughout the whole of England.
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LONDON, ENGLAND.

Physiological Laboratory of Guv's Hospital Medical School.

Professor Pembrey and Dr. Ryffel.

Professor Pembrey has been extremely interested in the effect of train

ing, diet, clothing, etc., on the work of soldiers. He and Dr. Haldane have 

been on a Commission and have studied the army diet and the general con

ditions of nutrition. In discussing the experiments made by Carpenter and 

myself on muscular work, he said that he believed in training there is a 

certain coordination which is rather quickly acquired. If we should take a 

man with no experience whatever in riding a bicycle and let him ride without 

any resistance, we would unquestionably get one series of muscles working 

against another series of muscles, and a diminishing carbon dioxide excretion 

and heat output each succeeding day. Even if he does not work at the maxi

mum rate, the muscles of the leg pull against one another, and the muscles 

of one leg against the muscles of the other, until they become trained and 

work coordinately. Professor Pembrey suggested having the bicycler

also use his arms for working the ergoneter and see if the same efficiency 

and the same amount of work would be obtained as with the legs. Of course 

he would be as unaccustomed to the work in using the arms, as in usin~ the 

legs. Professor Pembrey emphasized the fact that of course the co

ordination required for riding a bicycle may be very small and quickly 

learned. Our subjects learned to ride in a few days. On the other hand, 

the expert bicycle rider may be so used to instinctively balancing himself on 

a moving wheel that in riding a stationary bicycle he would do the same 

and thus bring into play extra muscles that were not necessary and hence 

lower his percentage of efficiency, while those unaccustomed to the use of
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"ne °icycle did not use these muscles, for balancing and they rapidly 

increased in efficiency tr, training. i personally believe that Pembrey 

thinks of efficiency too much in the light of increased work done, ir

respective of the percentage of internal total combustion to the heat 

of external work. Professor Pembrey is very anxious that we should try 

the effect of training on soldiers in carrying different weights of 

loads, in marching different distances, and in having the load, definitely 

distributed about the body. These experiments ought to be repeated with 

athletic subjects.

Alveolar air.- Professor Pembrey states that he usually '»breaks”, 

that is, he is compelled to expire air after holding a maximum inspiration 

when the carbon dioxide rises to about 7 or B per cent in the alveolar 

air. After ventilating with oxygen he can go to 10 or 11 per cent of 

carbon dioxide before "breaking". Also, if he has excessive ventilation 

he gets apnoea; this does not last so long with excessive oxygen venti

lation hut is more apparent after muscular work. He believes that the 

lack of oxygen as well as the increase of carbon dioxide is a stimulus to 

respiration. If he ventilates and pumps out all of the carbon dioxide 

and the oxygen is lowered before sufficient carbon dioxide has accumulated 

to stimulate respiration, the lack of oxygen causes the respiration to 

increase, which pumps out the carbon dioxide and again we have apnoea.

This is an explanation of the Cheyne-Stokes type of respiration. Pembrey 

emphasises the fact that the alveolar air is remarkably constant with 

the same person, and cites three examples, 5.61, 5.64, and 5.63, etc. He 

maintains that Haldane has actually tested the efficiency of the burette 

by means of his own alveolar air. This is not confirmed by Haldane's 

publications as I find that the agreement between his different experiments 

is by no means as constant as this.
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Dr. Ryffel.

Dr. Eyffel has made a number of experiments on the formation of 

lactic acid in the body. He finds that in 100 cubic centimeters of 

normal urine there are 6 milligrams of lactic acid. Glycuronic acid 

interferes with the reaction, but if this is removed by lead subacetate, 

it also lowers the actual lactic acid, and a correction must be made. If 

he performs muscular work by running about the laboratory, he can increase 

the lactic acid up to 0.05 grams of lactic acid in 100 cubic centimeters 

of urine. Ho finds that there is very little relationship between the 

lactic acid and the sugar in the urine of diabetics, and believes that 
it plays but a very small rôle. As yet he has found no disease with 

a great amount of lactic acid. Dr. Ryffel impressed me as being a very 

serious and studiou.s individual, I think that his work can be absolutely 

relied upon.
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Physiological Department. London Hospital Medical College.

Professor Leonard Hill.

Professor Hill has been doing a great deal of work recently on the 

breathing by athletes of air containing a high percentage of oxygen, and 

his results are very striking indeed. At the time of ray visit to his 

laboratory he was much interested in studying the regenerative power of 

an osonizer which is to be used to disinfect and purify the air in a room. 

For this purpose he has constructed a small chamber, about 2 meters square, 

in which he has placed an electric fan and the ozonizer, the latter being 

run by a high tension, alternating current. With seven young men in

this chamber he has allowed the carbon dioxide to increase very noticeably, 

and the relative humidity to rise to about 95 Ter cent. He then found that 

the men became very much distressed; they felt much better, however, when 

the electric' fan was turned on and stirred up the air, especially as the 

air passing over the face caused a small amount of vaporization. Although 

the air was previously saturated at 25°, at the temperature of the face, 

say 32° or 33°, it was not saturated, and the cooling effect was very 

noticeable. He could not at the time I was there, however, detect any 

result from the ozonization. 1 had the pleasure of assisting him in 

one or two experiments and maxing some of the observations.

I was much interested in the experiments he is making on the saturation 

of the blood under hi<£i pressure and particularly of the saturation of the 

gases of the urine, the assumption being that the analyses of the urine 

for gases would correspond to analyses of the blood gases, i.e,, the dissolved 

gases, particularly nitrogen. In the study of this subject, he had put one 

of his assistants in a hiÿi pressure chamber and had drawn urine from time 

to time. A very delicate method of gas analysis has been i;sed for the 

analysis of the urine. V/e can look forward with much interest to nis 

publications on these points.
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Physiological Laboratory of the Kind's College Medical School.

Professor Halliburton.

Professor Halliburton was not engaged in active research at the time I 

was in London. The laboratory accommodations are very limited and wholly 

inadequate for either good teaching or good research work; they are hoping 

for a better equipment ere long. His literary work keeps Professor Halli

burton very considerably occupied. He was much interested in the question 

of high versus low protien, and said that Professor Starling had attempted 

to live on a low protein diet but had finally changed to a high protein 

diet.
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Physiological Laboratory of the Imperial Institute.

Professor A. D. Waller«

Phis laboratory, which was primarily a research laboratory, or for 

advanced work, was one of the most interesting which I visited during ray 

Ki'ip. It ’.vas veiy well equipped with all conceivable forms of apparatus, 

and Professor Waller’s work is very much diversified. Ilis experiences 

with the capillary electrometer are well known. I saw here the photographic 

registering apparatus devised by Bull of the Marey Institute, and also 

three 3lix-Sandstrom kymographs.

Professor Waller was very much interested in the chemical problem of 

the development of hydrocyanic acid in laurel leaves and in the toxicological 

problem of determining minute quantities of hydrocyanic acid. The whole 

subject matter of the investigation was very important toxicologically.

The absorption of hydrocyanic acid by the different organs of the body was 

also investigated and obviously has its interesting application to medico

legal discussions. 3y distilling blood with a little tartaric acid, the 

hydrocyanic acid was driven off and condensed in the distillate, and subse

quently determined by the color reaction with picric acid.



Manufactory of 3iebe, Gorman & Company, Ltd.,

187 Westminister Bridge Roacl.

Through the kindness of Professor Haldane of Oxford, I was given a 

letter of introduction to Mr. Davis and Mr. Pleuss of this plant, and 

I received every courtesy that could possibly be shorn me. Mr. Pleuss 

is a most interesting man, being a professional diver of long experi

ence. He told me of his experience many years ago in rising pure oxygen 

in diving. He was under water one hour and during this time admitted 

pure oxygen into the diving apparatus and let the carbon dioxide out 

through the valve. Since there was a mixture of carbon dioxide, nitrogen 

anc oxygen continually going out, and only pure oxygen going in, at the 

end of the period there must nave been a very high percentage of oxygen 

in the atmosphere breathed. He told me that he felt very well, althou^i 

it was predicted by all of his cowcrkers that he would be very blue and 

very dangerously ill. Professor Benjamin Ward Richardson published a 

report of this experiment, of which a copy was sent to the laboratory by 

Mr. Davis.

Diving apparatus.- Evidently thi3 plant has given a great deal of 

attention to methods of respiration through tubes with valves, etc. They 

say that when the valves are moistened they work much better tnan when 

dry. The valves used in their apparatus are constructed with a peculiar 

slant that is very important. The tubing leading from the valve to tne 

mouthpiece is of special construction, being corrugated and reinforced 

inside with wire. It is absolutely impossible to kihk it. For the 

absorption of carbon dioxide in the closed circuit apparatus, either for 

diving or for resuscitation in mines, they use a specially pure sodium 

hydroxide, and stipulate that it must be 99 per cent pure. The carbon
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dioxide is absorbed on the out-side of the reagent and the water from 

the breath is also absorbed. The carbonate idiich forms drops off in 

sticks until the mass looks very much like a stick of candy that has been 

partially sucked away. Pour pounds of caustic soda are used in the 

apparatus. Potassium hydroxide has been tried but does not give satis

factory results, as it is too liquid. The rubber bag hangs in front of 

the man and is of very ingenious construction, having two compartments.

The air goes down through one compartment, comes in contact with the 

caustic soda, and returns through tne other compartment. As the bag is 

clamped together at the top, it is impossible for the air not to pass 

through both compartments. The scales of sodium carbonate which form 

nay be knocked off by crumpling up the bag. The front is made tight by 

spreading powdered graphite between the rubber fittings before they are 

clamped together. Down between the compartments are ribs of rubber so 

that if the man should lie down on the bag, he does not stop the respira

tion as the air would pass down the ribs. The oxygen is delivered from 

a compressed air bottle at the rate of 2 liters per minute, and if the 

bag gets too full, there is a release valve, which allows the excess air 

to escape, without disturbing the respiration. This also provides against 

the accumulation of too much nitrogen.

i found a number of interesting respiration masks. A copper piece 

is used to aid in forming the ma^c to the race, the copper being more or 

less soft. A rubber tube around the edge of the mask is commonly inflated 

to fit about the face, but Fleuss, himself, does not inflate this. He says 

that the men should have no mustache, and that under these conditions, the 

face mask is tight. As a matter of fact, with such a face mask he walked 

across the Thames under water without uàng any diving dress at all. The 

rubber fitted the face well, but the tightness depended on the mouth and 

nose mask. There was a larger flap of rubber which went all around the

outside of this mask, which also rested against the face and helped in
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making the mask tight. For deep diving work they use a mixture of 

50 per cent of ox7Sen and 50 per cent of nitrogen. The diving dress 

ic self-contained and therefore without holes, so that it can be used 

in places where a hose could not be dragged, such as, for example, into 

and but of a cabin on a wreck. Usually it is adjusted for 5 liters 

of oxygen per minute. The oxygen is admitted as a fine jet which acts 

as an inspirator, pushing the gas around the closed circuit. This 

apparatus has been used for 45 minutes in ordinary diving. There are 

no valves to actuate and no mouthpiece.

deduction valve.- I found a very sensitive reduction valve, which 

was set to give, say, 2 liters per minute and which could be made very 

tight indeed. There was a small by-pass which enabled the man to get 

a quick supply of oxygen if desired. This valve was so tight that they 

can blow a soap-bubble on it of any size and exit if off immediately as 

desired. These valves, Siebe & Gorman say, were made by Brin in London 

from their specifications.

Accessor:- apparatus.- An interesting piece of apparatus they showed 

me was a one-stage compression pump which compressed air or gas at 2000 

lbs. with one stage. There was no leakage as the gauge holds indefinitely. 

The dead space was very small and all the valves and couplings had. metal 

to metal seats. Occasionally they use fibre gaskets for the couplings, 

but do not find them particularly satisfactory.

A large diving tank with glass walls was ixsed by this firm for 

training divers and testing their apparatus.

Use of sodium-peroxide.- Sodium perioxide, or Oxylithe, is used very 

much in their submarine rescue apparatus. In this there is a helmet with 

a life buoy attached. This life buoy can be inflated by the man. The 

apparatus can be put on with a face plate opening, and water i3 let into 

the compartment until the pressure of the air is equal to that of the 

pressure of the water. The face plate is then closed and the air in the



helmet is -ander considerable pressure, but the water is up to the 

armpits. (See sketches and description in catalogues of Siebe, Gorman 
& CompanyC^^'’^*-&£--')■—.) TTnen they get out of the submarine rescue

apparatus, for example, and are floated up to the surface, they inflate 

the life buoy with 3 breaths, open the face plate, and are then all 

ready to be picked up by the boat. In certain of their apparatus 

such as, for example, the smoke and gas rescue apparatus, they use 

Oxylithe to regenerate the air in breathing. The moisture in the 

breath liberates the oxygen, while the carbon dioxide is absorbed, for 

this purpose they have a very light diving helmet. Mr. PIeuss did not 

believe that even 2 liters of oxygen per minute were necessary, and 3ome 

of their best men cut it down to 1 liter per minute, thereby giving them 

a longer time to remain under water.

I was much interested in the mouthpiece used for some of their 

apparatus. Like the Zuntz mouthpiece it had flanges placed between the 

teeth, but Pleuss preferred invariably to cut them off. There was a 

mustache band which held the mouthpiece very firmly in position, so 

that the two flanges for biting with the teeth are entirely unnecessary.

My visit at this manufactory was very profitable and Messrs. Siebe, 

Gorman & Company have sent a number of interesting valves, tubes, and 

connectors to the Nutrition Laboratory as a gift. They also sent us a 

large amount of printed matter, giving some important information with 

regard to diving, and the construction of helmet, oxygen cylinder, 

respiration apparatus, and mouthpieces of different kinds. The printed 

material regarding these practical appliances is a very important con

tribution to our literature and the apparatus may be utilized for

physiological experiments
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OXFORD, ENGLAND.

Physiological Laboratory of the University of Oxford.

Professor J. S. Haldane.

Never having met Professor Haldane, nor seen his laboratory, I was 

particularly interested in making this visit to Oxford. I have seldom met 

a man with whom conversation was so profitable along the particular lines 

of gaseous exchange and gas analysis. The laboratory is by no means 

modern and research work is not carried out under the most ideal conditions. 

Recently, however, two or three rooms have been added to the laboratory and 

Professor Haldane is somewhat better off than formerly. The laboratory 

impressed me as being the workroom of an accurate scientist; Professor 

Haldane's work with the gas analysis apparatus shows especially the highest 
degree of accuracy.

Gas analysis.- In discussing the gas analysis apparatus, Professor 

Haldane pointed out the errors that are liable to occur in the calibration, 

the contraction of glass tubing, etc. In calibrating, he usually fuses 

the stopcock in the bottom of the apparatus and draws out the mercury there. 

He finds that if a rubber connection is used, the pressure may vary, as the 

rubber contracts or stretches, causing the level to change. In discussing 
the Sondèn apparatus, Haldane reports that he found a diffusion of gas into 

the arm of the compensator or manometer tube in the Sondèn apparatus. He 

furthermore reports that the gas is taken into the pipette partly dry, then 

passed into caustic potash and measured, leaving a varying amount of moisture 

in the capillary tube between the pyrogallic acid and the cock. This gas
ray be moistened by the water hanging to the walls of the tube. At first, 
the tube is very dry but as the gas passes from the burette, it is saturated 

with moisture. This moisture may condense on the walls and subsequently
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"be given up, The inside diameter of the capillary tubes should not 

be too small, otherwise they are sluggish in delivering the gas. He 

says the small gas analysis apparatus that has recently been made by 

Rittehhouse is 30 accurate that it can be used for analyzing oxygen, 

getting from 17.02 per cent to 17.04 per cent. They use a certain 

amount of dead space with T-cocks, but I found out that if an L-cock 

is used, there is less dead space, and I have ordered the apparatus from 

Rittenhouse with L-cocks instead of T-cocks. Haldane thinks that 

the small apparatus is as practical as the larger one, for a great 

deal of work. He has a rack and pinion apparatus with hooks and holes 

to raise and lower the reservoir, the reservoir being raised by hand 

to approximately the desired point, the finer adjustments being made 

by means of the rack and pinion. Professor Pembrey pointed out to 

me that farcroft or 3rodie had found that if a small amount of bile 

salts is added to the water, it is very much better for the manometer, 

as the water will then flow smoothly on the interior of the glass.

In the interior of his explosion chamber, he uses a platinum wire 

which can be glowed by an electric current. 'Phis is glowed quite 

brightly for carbon monoxide, marsh gas, and hydrogen.

Experiments with carbon monoxide.- Professor Haldane has performed 

a great many experiments on the influence of carbon monoxide and its 

combining with the haemoglobin of the blood, thus reducing the total 

oxygen-carrying capacity of the blood by a very large amount. In these 

experiments he has used as subjects both animals and men, including 

himself. He finds that it takes about 900 cubic centimeters of carbon 

monoxide to completely saturate the blood of man. He has a small 

Regnault-Reiset apparatus, into which he can introduce oxygen and carbon 

monoxide. To absorb the carbon dioxide and water, he uses soda lime or 

stick potassium hydroxide. He introduces into this apparatus say, 300 

c.c. of carbon monoxide, and thus saturates the blood one-third with



carton monoxide. After having breathed this gas mixture, he breathes 

into an ot lie i Régnault-Reiset apparatus and tests the carbon monoxide 

jjiven up djt shaking a bottle of the air vnth some blood, and then ti

trating the blood. In the blood titrations, he adds a carmine solution 

of a definite strength to bring back the color to normal.
Professor Haldane is very sure of the accuracy of this method, but 

i-untz is very much afraid of it. In his experiments he saturates the 

JOdy "1th caroon monoxide to about 35 per cent; then if ordinary air is 

breathed, it requires a long time to get rid of all the carbon monoxide, 

say, three or four hours. If pure oxygen is breathed, one-half of the 

carbon monoxide is given off in about half an hour. If the blood of an 

animal is wholly saturated with carbon monoxide, and the animal is then 

put into a pressure chamber, and pressure is applied, the dissolved 

oxygen in the blood will support life. He cited as an illustration 

a case where he was working with a mouse, with a large amount of carbon 

monoxide in its blood. He tried to drown it in water charged with 

oxygen, but the mouse lived. Professor Haldane thinks that carbon 

dioxide plays a very important role in pathology. It stimulates cir

culation and the hi$i carbon dioxide also stimulates the centers.

Discussion of experiments vdth oxygen-rich atmospheres.- I was very 

glad to have the ojportunity of discussing with Professor Haldane our
I

experiments with oxygen-rich atmospheres, and found his ideas very 

valuable. I told him that I had hoard from a number of research inves

tigators that experiments had been made which showed that the use of 

oxygen-rich atmospheres produced a tendency to oxygen pneumonia and that 

I understood the work had been done by Lorrain Smith and Haldane. The 
investigators found that animals kept three or four days in pure oxygen 

contracted this oxygen pneumonia. The animals recover quite readily and 

probably this tendency will never be observed with man, at least
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not rath 40 per cent of oxygen. With nice, they found, no tendency to 

pneumonia when 40 per cent of oxygen was used, so a nan could probably 

breathe an atmosphere containing 40 to 60 per cent of oxygen with perfect 

safety any time without pneumonia. This of course agrees with observations 

of divers who use 40 to 60 per cent of oxygen constantly.

Professor Haldane has done considerable work on caisson disease and 

the question of decompression. In rapid decompression, bubbles are formed 

and these cause emboli in the blood vessels, which produce death. This 

is treated by pressure, the pressure being allowed to decrease slowly. 

Professor Haldane is a firm believer in the so-called stage decompression 

as opposed to the more rapid decompression of Professor Leonard Hill.

Professor Haldane is much interested in the army work and incidentally 

in the navy, so far as diving is concerned, and has been on many investi

gating commissions in connection with the navy. He was good enough to 

give me a large collection of reprints showing some of his past work.

Tests have been made recently in connection with the army work to find 

some emergency rations that can be used on long marches. At Professor 

Haldane’s request I spent part of the day with Colonel Melville and 

Major Beveridge at the Royal Army College, looking into their diet, their 

methods of measurement, and the methods of analysis. I made a number 

of suggestions in regard to substitutions in the emergency diet and some 

of the suggestions will undoubtedly be tested shortly.
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CAMBRIDGE, SÜGLAIID.

Physiological Laboratory of the University of Cambridge « 

Professor Joseph Barcroft,

Professor Barcroft is particularly interested in the analysis of blood 

gases and in the carbon monoxide experiments v/hich he has begun with Pro

fessor Haldane. At the time of my visit, he had just returned from an 

expedition to Teneriffa with Professors Suntz and Durig and was much 

interested in the results obtained. He evidently has the technique of 

blood gas analysis most elaborately worked out; in fact, I consider it 

of great importance that this technique should be acquired for use in 

the Nutrition Laboratory. At the moment of writing, Mr. Higgins of our 

staff is planning to go to Oxford where he will work for several weeks 

with Professor Barcroft. Professor Suntz was most enthusiastic regarding 

Barcroft*s experiments and his general technique, skill, and ideas. He 

is evidently a very strong man.
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