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There are, further, a number of elinical observations indicating that
certain foods have important specific effects. Thus certain cases of
diabetes mellitus are much benefited by oatmeal; the attempts to
explain this action on the supposition that the starch of oats is differ-
ent from that of other cereals are unsatisfactory. There can be little
doubt that some specific action (i. e., an action independent of its
fuel value) should be attributed to the catmeal.

Several writers have called attention to differences in the suscepti-
bility of different races of mice and rats to transplantable tumors.
In a few cases these differences seem to have been traced to the
influences of heredity.® In others they were attributed to differences
in diet, * but whereas in Haaland’s experiments the most susceptible
mice (to a certain sarcoma) were those which had received a diet of
hempseed, bread, milk, and some oats, and the least susceptible those
which had received bread and oats, in Stahr’s experiments mice which
had received a diet of hempseed and milk were less susceptible than
those which had had a diet of bread and water. Careful studies on
this subject with especial reférence to changes in weight and rate of
growth (factors which seem, according to Mareschi© to be very impor-
tant and which also seem important in my experiments upon the
influence of diet upon the resistance to certain poisons) may lead to
important results. Jensen ¢ has suggested that it may be possible
to influence favorably, by diet, metastases and recurrences. |

Certain diseases (beriberi and pellagra) seem to be closely asso-
ciated with and perhaps dependent upon the use of certain articles
of diet (rice and maize); the latter may be “spoiled, ” but nevertheless
the effects may properly be called speeific, since other “spoiled”” food
does not have a similar effect. 4

Wherrye found guinea pigs made scorbutic by an exclusive diet of
barley and water to show a greater degree of hemorrhagic extrava-
sation when inoculated with plague than is usually seen.

In the course of numerous experiments performed, for the most
part, for other purposes, I have observed some very striking altera-
tions in the resistance of animals to certain peisons produced entirely
by changes in diet. Thus of animals kept upon diets such as are in
daily use by man some were able to resist many (up to 40) times the
amount of certain poisons fatal to animals kept upon other diets.
Although the results with certain of these poisons probably have no

a Tyzzer. Jour. of Med. Res., 1909, 21, p. 519. i

b Haaland. Berl. kl. Wochenschr., 1907, 44, p. 713; Stahr, Centrbl. . Allgem.
FPath. und pathol. Anat., 1909, 20, p. 628. 3

¢ Mareschi. Zeitech. f. Immunititsforsch. u. exp. Ther, 1909, 2, (1), p. 651.
Cf. also Bashford and Russell, Lancet, 1910, 1, p. 782. !

d Jensen. Zeitsch. f. Krebsforsch., 1909, 7, p. 284,

¢ Wherry. Jour. Infectious Diseases, 1909, 6, p. 564,









HE EFFECTS OF A RESTRICTED DIET AND OF
| VARIOUS DIETS UPON THE RESISTANCE OF
ANIMALS TO CERTAIN POISONS.”

By Rem Hunr,
Professor of Pharmacology, U. S. Public Health and Marine- Hospital Service.

Parr 1.

THE EFFECT OF A RESTRICTED DIET UPON THE
RESISTANCE OF ANIMALS TO CERTAIN POISONS.

A. HISTORICAL.

The great practical value of an intimate knowledge of the metabolic
yrocesses which oceur in partial inanition is obvious; as von Noorden ®
has remarked, no one not familiar with these processes can form
h correct judgment as to which of the alterations in metabolism in a
riven disease are to be attributed to the latter and which to simple
|nanition.

| As is well known, however, some fundamental problems in this
ronnection are still in dispute. Thus the question whether the body
{n inanition can learn to use less material and work more economically
s not definitely settled. It seemed probable that a study of the
esistance to poisons of animals in a condition of partial inanition
would throw some light upon some of these problems.

The literature bearing directly upon this subject is very small;
Mansfeld < has recently summarized the greater part of it as follows:
Delafoy found that starving frogs are much more sensitive to strych-
pine than are normal frogs. Lewin stated that starving animals are
more resistant to quinine, atropine, and nicotine than are well nour-
shed ones. Roger found the same when quinine and atropine were

e ——

a Manuscript submitted for publication June 3, 1910.
bvon Noorden. Handbuch der Pathologie des Stoffwechsels, 2d ed., 1906, vol. 1,

p. 480,
eMansield. Archives internat. de Pharmacodynamie et de Thérapie, 1905, 15,

p. 467; Mansfeld and Fejes, ibid., 1807, 17, p. 347.
(11)
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injected into a peripheral vein but found the reverse to hold when the
drugs were injected into the portal vein. Jordan found digitalin te
be more toxic to starving dogs. Addueco reported that cocaine
strychnine, and phenol are much more poisonous to starving than tg
well nourished dogs.
Mansfeld himself found that starving rabbits are much more sus
ceptible to chloral hydrate, paraldehyde, and morphine than were well
nourished ones. Starvation did not eause an inereased susceptibility
to ethyl aleohol, amylene hydrate, and ethyl urethane. Mansfel¢
explained this difference in terms of the Meyer-Overton hypothesis,
Lo Monaco and Trambusti ® reported that well nourished animals
are less resistant to phosphorus than are poorly nourished ones.
Salant and Rieger ® found the resistance of rabbits to caffeine to be
diminished when the animals were starved for four or five days; the
fatal dose was about 30 per cent less than in well fed rabbits,

B. EXPERIMENTAL.
- 1. EXPERIMENTS WITH ACETONITRILE.

The poison with which the most striking results were obtained was
acetonitrile (CH,CN). A consideration of the pharmacological action
of this poison led to the belief that a study of the influences affecting
its toxicity would be more suggestive than that with many other and
better known poisons. The chief of these considerations was this:
Most of the ordinary poisons undergo no marked chemical changes
before exerting their toxic effects although the changes which they
may subsequently undergo are often of much interest and their study
has thrown important light on problems of metabolism. Acetoni-
trile, however, according to the generally accepted view of Heymans
and Masoin, is poisonous only, or largely, as a result of the formation
from it of hydrocyanic acid.® 1 have given arguments in earlier
papers for the view that the formation of hydroeyanic acid is due to
certain processes of metabolism which may be modified by drugs and
diet. Thus, from a study of the toxicity of a number of nitriles of’
both the aliphatic and aromatic series, 1 was led to the view that, in
the formation of hydroeyanie acid from acetonitrile, processes of oxi- |
dation (by which the methyl group is oxidized to formic acid) are |
probably involved. Believing that the tolerance for aleohol is prob-
ably due to the body’s acquiring an increased power to oxidize the

@ Centralbl. f. innere Medizin, 1894, 15, p. 701. '

b Proceedings of Amer. Soe. for Pharmacol. and Exp. Therapeutics, Jour. of Phar-
macol. and Exp. Therapeutics, 1910, vol. 1, p. 572,

¢ The literature on this subject is given in Archives internationales de Pharma-
codynamie et de Thérapie, 1904, 12, p. 447, and Bulletins 33 and 47, of the Hygienie
Laboratory, U. 8. Public Health and Marine-Hospital Service.
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hyl group of this substance,® T was led to the hypothesis that ani-
alswhich had received aleohol for some time would be able to oxi-
ze the methyl group of acetonitrile more rapidly, thus freeing a
reer amount of hydrocyanie acid, and that such animals would there-
yre be more susceptible to acetonitrile than would normal ones,
xperiments showed that animals which had received aleohol for
yme time were more susceptible to acetronitrile, and also that they
ecomposed a larger proportion of this substance than did the
pntrols.
Similar reasoning led to experiments with this nitrile in partial
Janition. It was thought probable that in this condition the
wtensity of certain processes of oxidation may be lowered and that
onsequently animals on a restricted diet would decompose less
otonitrile than do normal animals and consequently be more
l:sistﬂnt to the poison. It was thought that a positive result would
e of special interest for it would probably be an example of specific
bwering of metabolism,” for there is little evidence that general
hetabolism is lowered in inanition.© As will be shown, the results
upport the hypothesis.

(@) EXPERIMENTS ON MICE.

Most of the mice used were bred in the laboratory; they were care-
ully weighed and the acetonitrile (dissolved in water) injected sub-
butaneously in proportion to body weight.

In the first group of experiments the food consisted of oats; some
Jf the mice were given all they would eat, whereas others were given
but a very small amount daily. Only a few experiments, viz, those
n which the dose of acetonitrile was near the fatal dose, are cited.

Series 1.

A. CONTROLS. (v, 08.)

B e — == - — — e ——

Welght .
Date. | of mouse. Temarks.
195, (Frams.
Feb. 1i 20, 46 | Dats and waler,
Feb., 21 18.12
Feb, 27 17.45 | Acetonitrile, 8.73 mgms., . ., 0.5 Mgm. per gm. mouse; survived.
Feb. 16 24,82 | Oats and waler begun.
Fely, 24 2152
Feb. 27 o1 57 | Acetonitrile, 1402 mgms., i. c., 0.65 mgm. per gim. TOUSe, died, 43 hours.

& The correctness of this hypothesis has recently been proved by Pringsheim ( Blochem. Foitschr.,
1006, 12, p. 143), who found that animals aceustomed to aleohol oxidized a given amount in two-
thirds the time mt}ul.rml h%:nthl}ﬂB unacenstomed to it !

b Brugsch and | frzch (Zeltschi. fiir exp. Pathol., 1907, 4, p. M%) found the aszimilation limit for
d-1-alanin to ba much lower in hunger than 'mmm'lﬁ.'w
evon Noorden. Handbuch der Pathologle des Sto echsels, 2d ed., 1906, vol. 1, p. 480; cf. Btachelin,
Deutsche med. Wochenschr., 1000, 35, p. 609,
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B. RESTRICTED FOOD. (v, 44-45.)

Weight

Date. | of mouse.

Remarks.

1905, | Grams.
Feb. 16 23. 16 | Limited diet commenced.
Feb. 21 18. 85
Feb. 27 18.256 | Acetonitrile, 20,08 mgms., i. e., 1.1 mgms. per gm. mouse; survived.

Feb. 16 19. 11 | Diet as above.
Feb. 21 16. 02
Feh. 27 14.02 | Acetonitrile, 22.4 mgms., 1. e., 1.6 mgms. per gm. mouse; survived.

Feh. 16 18.15 | Diet as above.
Feh. 21 15. 45
Feh. 27 13. 25
Feh. 28 13.57 | Acetonitrile 27.14 mgma., §. €., 2 mgms. per gm. mouse; survived.

The first and third of the mice of “B’" were placed on a diet of
oats soaked in ethyl alcohol the strength of which was gradually
increased to 45 per cent; their weights increased in the course o
5 weeks to 19.02 and 19.31 grams, respectively, but they died from
0.3 and 0.35 mgm. acetonitrile per gm. mouse. Other mice whick
had received the full diet of oats and water for the same perioc
recovered from 0.55 and 0.6 mgm. per gm. mouse.

Series 2.
A, CONTROL, (v,82)
Weight

Date. of mouse. Remarks.

1905. | Grams.,
June 7 24,85 | Oats and water,
June 14 21. 61
June 19 21.72 | Acetonitrile, 15.23 mgms., i. e., 0.7 mgm. per gm. mouse; died 2] hours.

B. REETRICTED DIET.

1505, Frams.
June 7 25,61 | Limited diet begun,
June 12 25, 31
Jome 16| 135 | Acetonitile, 20.82 e, 1.2 survived,

e 1 ; o e, mgm., I, e., 1.2 mgms, per gin. mouse;
June 20 |._.._..... Diet changed to ham and cheese,
June 30 20.01
July 3 21. 12
July 11 25.12 | Acetonitrile, 1508 mgma,, §. e., 0.0 mgm. per gm. mouse; died, 15 to 2 hours.

Series 3.
A. CONTROL. (v,584.)

1905, | Grama.
June 7 0. 85 | Oats and water.
June 14 18. 31
June 25 18.26 | Acetonitrile, 12.78 megms., 1. &, 0.7 mgm. per gm. mouse; died, 11 howrs.
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B. LIMITED DIET.

Welght
of m!lguse. Remarks.

16.61 | Limited diet commeneed.

13,45 | Acetonitrile, 13.55 mgms., i. e., 1 mgm. per gm. mouse; survived.
18.21 | Diet as above,

14.45 | Acetonitrile, 17.34 mgms., §. ¢., 1.2 mgm. r gm. mouse; survived.
24.55 | Diet as above,
16.60 | Acetonitrile, 26.56 mgms., [, 2., 1.6 mMEM. Per gm. mouse; died, 17 hours,

Series 4.

A, CONTROLS, (v,85)

17.85 | Oats and water.

17.13 | Acetonlirile, 8.57 mgms., i. e., 0.5 mgm. per gin. MOouse,; survived.
15.80 | Diet as above.

1461 | Acetonitrile, 8.04 mgms., §. e., 0.55 MEM. per gin. mMouse; died, 3 hours.

B. RESTRICTED DIET. (v,85)

GFrams.
- 16. ﬂ Limited diet begun.
14,
11. 60 | Acetonitrile, 9.33 mgms., i. e., 0.8 mgm. per gm. monse; survived.

17. 66 | Diet as above.

14. 03
12 85 | Acetonitrile, 10.02 mgmas. , [. ¢., 0.85 Mg, per gul. MmMOuse; survived.

{E_ Irllé Diiet a5 above.
12.31 | Acetonitrile, 12.31 mgms., . e, 1 mgm. per gi. MOusE, died, 1% hours.

BED wEs 2D

In the following group of experiments the diet consisted of * cakes”
ade from cracker dust and water; the controls received all they
suld eat (between 3 and 4 gms. daily), whereas those on the limited
et received but 1 gm. per day. The resistance to acetonitrile of
ice which have received a diet of cakes is much less than that of
ose which have had oats.

Series 5.

A. CONTROLS. (v,87.)

1
o}";::lgﬂ. Remarks.

] (Frams.

10 12. 60 | Cakes. :

i ] 13. 55

2 12.71 | Acetonitrile, 2.20 mgms., L. e., 0.18 mgm. per gm. mouse: survived.
19 16. 80 | Cakes.
30 15. 45

2 14.81 | Acetonitrile, 2,06 mgms., . e., 0.2 mgm. per gm. mouse; died 1 hour.

_— —— —— —_—
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Other mice of this series died from 0.22 and 0.26 mgm. acetonit

per gm. mouse.
B. RESTRICTED DIET.

Welght
it ol ) HRemarks.

Bent i Gﬂl‘? 57 | Restricted diet begu

19 BT 3 .
SEEL 25 15. 41
Beptl. 28 14.31
Oct. 1 13.41 | Acetonitrile, 6.03 mgms., L e., 0.45 mgm. per gm. mouse; survived.

Sepl. 19 25,56 | Dict as above,
Bept. 25 | 1851
Sept. 2% 18. 05
16.71 | Acetonftrile, 10,08 mgms, , i. e, 0.6 mgm. per gm. monse; survived.

1
Oet. E }?H Cakes 4 gm.
4.
Oct. 13 15.21 | Acetonitrile, 9.13 mgms., L e, 06 mgm. per gm. monse; died 24 hours.

Sopt. 19 16.69 | Restricted diet begun.
Sept. 25 |  13.65
Sept. 28 12.41
Oct. 2 12,58 | Acetonitrile, 8.81 mgma., 1. o, 0.7 mgm. per gm. mouse; died 32 hours.

Series 6.

In this series the mice of one group were given alternately, for 4
5 days at a time, full and restricted diets. It has been stated t
such a method of feeding leads to a greater increase in weight t
does the use of a full diet continuously, the inference being that
body learned to be more ““ecoromical’ with its food.®

A. CONTROLS. (v, 181.)

{ of motisa: Remarks.

1505, frams.
Oet. 14 15. 62 | Oats and cakes.
Oot. 26 17.01
Nov. & 18,08
Nov. 17 1. 54
Mov. 25 1. 34
Dec. 11 20. 33
Dec. 18 21.67 | Acetonitrile, 11.92 mgms., i. e, .55 mgm. per gm. mouse; survived.

Oct. 14 18.22 | Dict as abowve, )
Oct. 26 17. 62

Nov. 6 17.92 .
Nov. 15 17.58
Dec. 11 1993
D, 17 2116 | Acetonitrile, 13.33 mgms., | e, 063 mgm. per gm, mouse; survived,

Oct. 14 14.05 | Diet as above.
Ot 26 15 61
Nov. 6 145, 80
Nov. 15 17.73
Nov. 18.12
Dep, 2 17. 28 | Acetonitrile, 10.57 mgms., i, ¢., 0.63 mgm. per gm. mouses; died 15 hours.

Oct. 14 18. 43 | Diet as above.
Oot. 26 231
Nov. 6 23. 53
Mov. 15 2320
Mov. 21 2571
Do

Dec. 16 24. 61 | Acctonitrile, 15.90 mgms., i. ., 0,65 mgm. per gm. mouse; died 2 hours.

a_h:ﬁ:lnih to Michaud (Zeltschr. . ph iol, Chem., 1909, 50, p. 405), N-metabolism may be
lowered by a tarnnw prerigds of hunger an aﬂding
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B. FULL AND RESTRICTED DIETS ALTERNATELY.

Welght
of mouse. Remarks.
: Grams.
14 17,064 | Diet began,
17 15. 85
15 14. 45
n 17. 15
25 17.71
n 14, 05
53] 13. 85
v 14. 81
. 10 17. 45
. 15 15. 70
. 2l 16. B
. 16. 40
. 28 14.35
2 17.10 | Aecetonitrile, 10,26 mpms., 1. &., 0.6 mgm. por gm. mouse; survived.
* bl e Diet continued,
5 17.25
11 16. 75 |
16 19. 45 |
17 15. 54 | Acetonitrile, 16.96 mgms., §. e., 0.9 mgm. per gom. mMouse; died 2 to 3 hours.
14 16. 76 | Diet begun.
17 14. 75
18 13. 35
2 16, 85
25 17. 85
27 14. 82
3 12.75
(i 16. 40
10 14.51
15 16.02
21 12.683
25 17.05
2 17. 35
4 15.72
pe. 11 15.76 |
. 16 18.45 | Acetonitrile, 14.76 mgms., L. e., 0.8 mgm. per gm. Mouse; survived.

.M 15.68  Diet begun.

17 11. 63
2 12. 65
P 13.83
27 14.01
4 16 65
i 16 700
10 1. B
15 1712
21 17. 44
H 17,
25 16 11
2 15, 06
3

14.54 | Acetonitrile, 11.63 mgms., 1. e., 0.8 mgm. per gm. mouse; died [nabout 15 hours.

| The above experiments show that the mice which had received
Iternately full and restricted diets were somewhat more resistant to
tonitrile than were those which had received only the unrestricted
lict. The difference was not as great as when a restricted diet alone
ras fed. If the increase in weight of the mice in the two groups be
alculated in percentage the following figures are obtained:

| Unrestricted diet: 38 per cent, 16 per cent, 33 per cent, 28 per
ent.

| Full and restricted diets alternately: 14 per cent, 10 per cent, 12
er cent.

The mice on the unrestricted diet had increased in weight much
fnore than those on the alternately full and restricted diet.

46496°—Bull, 69—10——2
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That the increased resistance to acetonitrile of the mice which hag
received the restricted diet was not due simply to a loss of weight is
suggested by those experiments in which mice receiving a full diet
also lost weight but did not show an inereased resistance to the
poison. Many experiments will be quoted in later parts of this paper
in which a marked loss of weight occurred on various diets (cheese
e. g.) without there being such an increased resistance. Moreover
the administration of ethy! alcohol frequently causes a loss of weight
but the resistance to acetonitrile is distinetly lowered.

Other illustrations of marked losses of weight without an increasec
resistance to acetonitrile are as follows:

Hydrated chloral.

Series 7.
A, CONTROLSE, (IV, 171.)

| Welght

g nl mouse. Remarlks,

1905, Frams.

Jan. 'O 18. 21 | Oats and water,

Jan. 13 17. 02 :

Jan. 21 18. 41 | Acetonitelle, 6.44 mgms., L. e., 0.35mgm. per gr. mounse; survived.
Jan. @ 14. 51 | Oatz and water.

Jan. 13

| 14.42
|

Jan. 22 15. 61 | Acetonitrile, 6.24 mgims., §. e., 04 mgm. per gm. mouase; died in 17 hours,
B. HYDRATED CHLORAL.
1915,
Jom. 9 17. 92 | Hydrated chloral, 5 per cent, on aals,

Jan. 13 15 45
Jan. 16 1413
Jan. 22 13.71 | Acetonitrile, 4.1 mgmz., §. e., .3 mgm. per gm. mouse; survived.

Jan. 9 16.25 | Hydrated chloral as above.
Jan. 13 17.0
Jan. 16 16. (31 :
Jan. 23 15. 55 | Acetonlirile, 5.44 mems., . ¢, 035 mgm. per g, monse; died in 11 hours.

It is possible, however, that in certain cases of increased resistance
to acetonitrile caused by the administration of other poisons the loss
of weight caused by the latter may be a factor.

The above experiments show very clearly that mice which hawve
received a restricted diet are more resistant to acetonitrile than are
those which have received an unrestricted diet. This result might
be due to either of two causes, (1) the processes by which acetonitrile
is decomposed in the body with the formation of hydrocyanic aeis
may be less active in inanition, or (2) inanition may render the mice
less susceptible to the hydroeyanic acid. The first and more prob-
able suggestinn will be discussed later; that the second suggestion is
not applicable is shown by the follomng experiment with nitroprus:
siate of soda, a poison w hich very readily liberates hydrocyanic acl d
in the body: '
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Series B.

A, CONTROL,

L |
Date, | ﬂ:?remiﬁ?sz Remarks.
|
; Gramas.
jet. 3 19.75 | Cakes, all the mice would eat.
. 9 18. 2
14 18.45 | Mitroprussiate of soda, 0.148 mgm., 1. e., (L0038 MZin. per gm. MoUseE; survived.

B. RESTRICTED DIET.

o0 Si Cakes, 1 gm. daily.

1905
i
5
7 17.22
9
12 L6, 25
14 15.55 | Nitroprussiate of sodn, 0.14 mgm. , L e, 0.00% mgm. per gm. mouse; died, in 13 homnrs.

(b) EXPERIMENTS WITH GUINEA PIGS,

~ These experiments were performed primarily to determine whether
here was a difference in the amounts of sulphocyanate excreted,
fter the injection of acetonitrile, between normally fed guinea pigs
1d those which had received a restricted diet. An increased excre-
lion of sulphocyanate probably means an increased breaking up of
he acetonitrile molecule and it was hoped that in this way something
suld be learned concerning the processes of metabolism of animals
kept upon a restricted diet. The diet was in all cases qualitatively
he same, but less was given to those on the restricted diet; the ani-
Inals were weighed every other day and only sufficient food given to
svent a marked loss of weight. As the animals were not full grown
bhe controls increased considerably in weight. In the first experi-
nent the sulphocyanate was not determined quantitatively, but an
approximate estimation of the relative amounts excreted was
bbtained by comparing the intensity of the ferric chloride reaction.

Series B.

A. CONTROL. (v,152) FULL, MIXED DIET {CARROTE AND CABBAGE).

- — ———— —-— = —

, | Welght
Date. | of guinea Remarks,

pig.

75 | Acetonitrile, 165.8 mgms., 1. e.,0.25 mgm. per gm. guinea pig; survived.

o - - armem

" The urine gave an intense reaction with ferric chloride on both the
irst and second days after the injection of the acetonitrile.

L
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B. RESTRICTED DIET. (v, 118.)

Welght
Date. | of guinea Remarks.
piz.

1905, Grama.
Feb. 21 a52
Mar. 3 430 | Restricted diet begun.
Mar. 6 405
Mar. 9 407
Mar. 11 376
Mar. 17 377 :
Mar. 20 3256 | Acetonitrile, 81.25 mgms., i e, 0.25 mgm. per gm. guinea pig; survived.

The urine excreted in the first 24 hours, although abundant, gave
no reaction whatever with ferric chloride; that for the second 24
hours gave an intense reaction.

In the following experiments the sulphocyanate was determined
by Lang’s ¢ method. '

Series 10,

In this experiment, after the injection of the acetonitrile, the
feeding was reversed; i. e., the guinea pig which had received ar
unrestricted diet was placed on a restricted diet, and vice versa.
After about two weeks sodium sulphocyanate was administered to
each in order to determine whether there was any difference in the
ability of the animals to exerete preformed sulphocyanate.

A. CONTROL. UNRESTRICTED DIET. (v, 117.)

Weight
Date. |of guinea Remarks.
plg
1905, Grams
Oct. 17| . 356
Oct. 28 400
Nov. 3 425
Em'.ﬂlg :gi? Acetonitrile, 39 i 0.2 inea pig; survived.
Ov. ceton , ¥ mgms., i. e., 0.2 mgm. per gm. guinea pig; sur y
In the first five %'IIHIFS after the il&ti?m of the acetonitrile the urine contained 387
mgms. eyanogen (corresponding to about 62 mgf‘!ls. acetonitrile., L. e., about 63 pe
cent of the cﬂnmgeu of the nit had appeared in the nrine).
Mow. B0 |....... .. Restricted diet begun.
Dec. 4 475
Dec. 8 474 ]
Do 11 Sodinm sulphocyanate, 150 mgms., i. ¢, 0.4 mgm. per gm. animal, injected soben=
taneously; survived. ;
In the following three dayvs 49 mgms. of cyano, (=151.0 mgms. NaCNS, or 54.4
per cent of the amount injected) was exereted in the urine.

o Lang, Archiv. fiir exper. Path. und Pharmakol, 1894, v. 34, p. 247.
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B. RESTRICTED DIET. (v,117.)

|
Welght
[Date. | of guinea Remarks.
plg.
1005, | Grams.
ko 385 | Restricted diet begun.
t. 30 400}
Fl\".. k] 395
ov. 8 300
ov. 15 410
av. 22 410 | Aeetonitrile, 82 m v L0, 0.2 Tgrm. Rg:rgm. inea plg; survived.
The urine of the five days following the injection of the nitrile contained 23.7 mgms.
Eﬁgnugm: this corresponds to 3% mpms. of acetonitrile. Hence about 46 per cent of
eyanogen of the nitrile appeared in the urine as sulphocyanate,
ov. 27 |..........| Unrestricted diet begun.
jac. 4 A
jeo. O fLl
ee. 11 405 | Sodium mlliiauhncyanam, 19 mgms., §. e., 0.4 mgm. per gm. animal; survived.
In the following three days 49 mgms. cyanogen (=151.0 mgms. NaCNS, or 77 per
cent of the amount 1..j¢uze:|§ was seereted in the urine,

These experiments show (1) that the guinea pig upon a restricted
liet excreted in the urine less sulphocyanate, after the administra-
jon of acetonitrile, than did the one upon an unrestricted diet, and
) that there was not a distinet difference between the amounts of
Iphocyanate excreted in the two cases after the administration of
e sodium salt. Hence it may be concluded that the increased
cretion in the former case was due to an increased formation of the
Iphocyanate and not to any differences in the rate of excretion or
estruction of the sulphocyanate which was formed.

Series 11.

A, CONTROL. UNRESTRICTED DIET. (v,1H.)

Welght
Date. |of miul'naa Remarks.
Pig.

155, firama.
bh. 14 380 | Acetonitrile, 76 mgms., i, e, 0.2 mgm. per gm. animal; died in 13 hours.

B. LIMITED DIET. (v, 118.)

1905, Grams. |

. 30 415 | Restricted diet begun.
h. 2 401

v B BT

b, 14

397 | Acetonitrile, 65.4 mgms., 1. e., 0.2 mgm. per gm. animal; survived.

The urine of ““B’’ for the first 24 hours gave but a faint reaction
r sulphocyanate; with animals on an unrestricted diet the first 24
ours urine gave, as a rule, an intense reaction.
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Series 12.

The following experiments were conducted as above, except th
the resistance of the animals toward another eyanogen compoun

prussiate of soda was but élightljr less than the one usually fatal
guinea pigs; if either guinea pig had had a markedly decreased resis
ance to this poison it would probably have died. '

\. CONTROL. (v,98.)

Wil

Date. |of HI] i. | Remarks.
R, I

1905, Drams,
Bopt. 26 #5 | Unrestricted diet.
Oct. 2 362
Oct. 13 1)
Oot. 29 40
Oet. 28 480
Mov. 3 400
Mov. G 485 | Nitroprussiate of sods Hﬁmgms i. e., 0,01 mgm, per gm. animal; survived,
| [ o R Unrestricted diet continued
Nov. § 465
Nov. 14 i)
Nov. 2L 53 | Acclonitrile, 130 mgms., 1. e, 0.25 mgm. per gm. animal; died in 13 hoarz,

B. REETRICTED DIET. (v.95.)

1505, Grams,
Sepl. 20 358 | Restricted diet begun.
Sept. 28 a2
Oct. 2 3y
Oct. B 355
Oct. 15 S50
Oct. 19 50
Oct. 23 R0
Nov. & 375
Nov. 6 365 | Nitroprussiate of soda, 3.65 mgms., i. e, 0.01 mgm. per gm. animal; survived.
o [ o il | e Restricted diet continued.
Nov. B 265
Nov. 11 360
Nov. 1 300
Nov. 21 365 | Acetonitrile, 01.256 mgms., §. e, 0.25 mgm. per gm. animal; survived. A

The urine for the 4 dayvs following the injection of the acetonitrile contained 18
mgms. cyanogen, i. ¢, 31.5 per cent of the cyanogen of the nitrile was excrefed
sulphocyanate.
B O ey Unrestricted diet begun.
Dec. d 445
Dec. 14 430 | Acetonitrile, 91.25 mpgms., f.e., 0.19 m%m, per gm. animal; died in 12 hours,
The urine gave a strong reaction with ferric chloride.

Thus, with equal doses of acetonitrile the guinea pig on an uni
stricted diet died while that on the restricted diet recovered. Lat
when the animal which had received the restricted diet was place
upon an unrestricted diet it died from a dose of acetonitrile smalle
per gm. bnd}f weight, than that from which it had recovered when
was receiving a limited diet. .

The excretion of sulphocyanate after the injection of acetonitrile
into the guinea pig which had received the limited diet was les
(31.5 per cent of the eyanogen injected) than that which is usuall
found in the case of animals on an unrestricted diet, '
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Summary.—The above experiments show (1) that guinea pigs
vhich have been kept upon a restricted diet are more resistant to
stonitrile than are those which have received an unrestricted diet,
d (2) that in the former less of the evanogen of the acetonitrile
s execreted as sulphocyanate. The increased resistance to the
poison and the diminished execretion of sulphocyanate are probably
both dependent upon a lessened breaking up of the acetonitrile mole-
le and this again upon a diminution in the intensity of those
hrocesses of metabolism by which the acetonitrile molecule is decom-
hosed. The body ‘‘spares” the acetonitrile molecule in hunger as
t does the protein molecule and the fundamental processes may be
1e same in the two cases.®

@ Experiments were made with acetonitrile under a number of other conditions
nd with a number of poisons which have at different times been supposed to alter
ome processes of physiological oxidation; the results were esseniially negative. Thus
hloroform water was fed or injected subcutaneously into mice and guinea pigs and
heir resistance to acetonitrile tested; no change was noted. Negative results were
0 obtained with quinine, sodium bicarbonate, and carbon monoxide, and with mice
ept in pure oxygen or in a greatly rarefied atmosphere. Mice kept in a cage with
wheel upon which they exercised a great deal seemed to be slightly less resistant
o acetonitrile than were those kept in jars where there was little opportunity of
S Xercise,

| The efiectz of inanition and several drugs were tested upon the action of another
boison, methyl alcohol, the toxicity of which I have been led (Johns Hopkins Hosp.

Bull., 191}2 13, p. 213) to believe is due in part to the formation in the body of second-
B ioxic aubatancea; the results were negative.



Part II.

THE EFFECTS OF VARIOUS DIETS UPON THE RESISTANCE
OF ANIMALS TO CERTAIN POISONS.

A. HISTORICAL.

Although much has been written on the effect of different diets
upon some of the changes in metabolism caused by poisons, and there
are a number of observations on the effect of diet upon the changes
undergone by poisons in the body,® but little seems to have bee
done upon the resistance to poisons caused by different diets. I
fact the only experiments bearing directly upon this subject wit
which I am aequainted are those of Foster ? upon the resistance of
dogs to ricin: Of three dogs which had been kept upon a higl
plane of protein nutrition all died from 1 mgm. ricin per kile
whereas of 3 kept on medium or low planes of protein nutrition
survived this dose.c

B. EXPERIMENTAL.
1. EXPERIMENTS WITH ACETONITRILE.

Although T have found diet to produce marked changes in the
resistance of animals to some of the better-known poisons (such as
morphine, cocaine, atropine, ete.) the most striking and, from a
theoretical standpoint, the most interesting results were obtainec
with acetonitrile. This was the result anticipated for the reasons
given in Part I, viz, that the formation of hydroeyanic acid from
acetonitrile is intimately connected with processes of metabolism
and these again with the character of the diet. Moreover,I hav
shown in previous publications ¢ that the toxicity of acetonitrile i
closely related to one of the most important glands of internal secre
tion (the thyroid) and it was of especial interest to determine by
means of the reactions based upon this relation whether it is possible
to influence the activity of this gland by diet. :

@ Abderhalden and Brahm (Zeit. {. physiol. Chem., 1909, 62, p. 133), for example,
find that dogs which have received only milk secrete no methyl pyridine after the
administration of pyridine, but that they rapidly acquire this power after the feeding
of meat and retain it even when the milk diet is resumed.

b Foster. Proc. Soc. Exp. Biol. and Med., 1909, 6, p. 61

¢ But cf. Foster, Jour. of Biolog. chem., May, 1910, v. 7, p. 379.

d Bulletin 47, Hygienic Laboratory, 1909.

(24)

[
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Before describing the experiments a few of the conditions which are
nown to influence the resistance of animals to acetonitrile may be
kferred to briefly. The more important of these are:
Thyroid.—Numerous experiments have shown that minute amounts
f thyroid fed to mice for a short time markedly increase the resistance
f these animals to acetonitrile. The opposite effect, viz, an increased
usceptibility to this poison is produced when thyroid is fed to rats
ind guinea pigs.

Todine compounds.—The administration of iodine compounds to
simals has an effect (if it has any at all) upon their resistance to
acetonitrile similar to but far less marked than that of thyroid, i. e.,
¢ increases the resistance of mice but diminishes that of rats and
ruinea pigs. I have given reasons elsewhere for believing that the
oot of iodine in these cases is exerted through the thyroid gland.?

| Sulphur.—Lang° found sodium thiosulphate to protect animals,
fo a certain extent, against hydrocyanic acid; HMeymans? and his
po-workers found it to have a similar, but often more marked, action
peainst a number of nitriles. I found thialdine, carbothialdine, and
botassium xanthogenate to have an antagonistic action toward a
umber of nitriles; a number of other sulphur compounds had little
pr no such action.*

In most of these experiments the sulphur compounds were injected
subcutaneously or intravenously, and there is nothing to suggest that
fthe sulphur which is contained in so many articles of food would have
a similar protective action; that this may be the case, however, is
suggested by certain experiments to be deseribed later,

Season has, as was pointed out in a previous publication, a marked
effect upon the resistance of mice to acetonitrile. This question will

| be discussed in later parts of this paper.

(@) EXPERIMENTS ON MICE.

In order to make the conditions as uniform as possible and to
eliminate differences in susceptibility which might result from differ-
ences in race, previous diets, etc., the experiments were performed,

a Tt is & matter of some interest that animals which are supposed to be as closely
related zoologically as are mice and rats should differ o markedly in some of their
physiological reactions. Uhlenhuth and Weidanz (Arbeiten. aus dem kais. Ges.-
Amte., 30, p. 434) and Trommsdorf (Ibid., 1909, 32, p. 560), as & result of a study of
eertain serum reactions, have recently reached the eonclusion that these animals are
not as closely related as is usually supposed.

b Jour. Amer. Med. Ass,, 1907, 49, p. 1323,

¢ Lang. Archiv fiir exper. Path. u. Pharmakol., 1895, 36, p. 77.

d Heymans. Archives internal. de Pharmacodynamie et de Therapie, 3, pp. 77, 359;
7, p. 297; 8, p. 1.

¢ Hunt., ibid., 1904, 12, p. 447.



and which had lived under as nearly as possible identical conditions

As the experiments were very numerous only the largest nonfata
and the smallest fatal doses are recorded in the tables. As a rule
there is no difficulty in determining the fatal dose within 0.01 to 0.02
mgm. per gm. mouse; where, however, the fatal doses vary a
widely as they did in these experiments many animals were used i
determining the approximately fatal dose.

AceEToNiTRILE—MICE.
Series 13. (Jan., 1910.) -(xii, 12.)

Groups of young, nearly grown mice (10 in each group) were kep
upon the following diets for about 6 weeks (from December 3, 1909
to January 14, 1910). The milk and oatmeal, and the bread and oil
were intimately mixed.

[Doze in megm. per gm. monss. |

!
| Fatal dose of acetoni-
| trile.
Ivet. Change in weight (average).
Reeovered
§ e —
a. Milk, rawe__..... { Increased 8.3 per cend (from 15 (o 16.25 gms).... X 0, =
b Olive ﬂ]‘l L part; hrm«:l 3 Decreaszed 21 pet cont (from 15 1o 1086 gms.). ... )
ris.b
o Milk, Lollede. .. ... 0i.:. Derraazed 2.7 per cent (from 15 to 14.66 gms.).... .25 |
. {m fi'l.erj)ll I part; Lread, .lm:-mased 6.7 per cent (from 15 to 16 gms.}....... .30 I r
3 parts
. ﬂntlilil?].lér 1 pnrt boiled l'm;-reasml 38.4 per cent (from 15 to 20,22 gms.). ..} 45 |
m |
I O,Qitmml 1 pm'l ravw milk, | | Increazad 42.7 per cent (from 15 to 2041 gms.). ..} 1.30' |
8 f
g. Oatmea!, 1 part; water, 2 Increased 16.3 per cent (from 13 to 17.44 gms.). .| 1.70 '
parts.e |
h. Bread (C) and watlerb, ... | Increased 17.6 per cent (from 14.8 to 17.4 gms.) .. 250 |
a Two of the 10 had died hefore the acetonitrile was given. b Four had died.
¢ Saven had died. d Eight had died. « (e had died.

The results of these experiments will be discussed in more detail
later, but reference may be made in this connection to a few points.
The result with group b shows that a marked loss of weight may occur
without an increased resistance to acetonitrile (ef. results on inani-
tion, Part ).  The results with groups b, d, and & show how markedly
a high degree of resistance caused by one diet may be lowered by the
addition of another food (in these cases oils). The results also show
that raw and boiled milk may have different effects under different
conditions, although both lowered the resistance caused by oatmeal
alone. There was no relation between the increase in weight and
susceptibility to the poison,
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The mice of groups e, f, g, and & which had survived were, on Janu-
ry 15, placed on a diet of raw milk; after 3 weeks their resistance to
cetonitrile was again tested. The fatal doses of the previous period
re placed in parentheses for comparison:

[Mrose in mygm, par gm. mouse. |

i | Fatal dose of acetoni-
[ trile.

Provious diet. Change in weight (average). = =

| Recovered.|  Died.

e

- D?“taﬁlke:ﬂi 1 E.ﬂrh hoiled - Increased 7.5 per cent (from 16.75 to 18 gms. ). .. { (0. 45)] 0. 20(0. 50)
g O?In;;a:i:;‘ part; raw milk, | Decreased 1.4 per cent (from 19 to 18.74 gms.).... 0 Eﬂfl.an}| L 33(1. 40}
5 G;ml, 1 part; water, 2 | Increased 5.9 per cent {from 16,67 to 17.67 gms.) . 1.1m[l.TnjL (1. 80)
l.'ﬂmn.d ({:_}and water. ......| Increased 15.2 per cent (from ls.lmﬂl.ﬁgms.}.._l .|a{2.7u}i . 15{3. 00}

Thus the change to the raw milk diet very quickly and greatly
uced the resistance of all the groups except the one which had
ived, during the previous period, the diet of oatmeal and water.
will be shown later oatmeal usually leads to a long continued
istance. 'The reduction of resistance in the above experiment
as especially striking in the case of the mice which had received
read in the previous period.

Series 14. (Feh., 1908.) (x,104.)

Fifteen mice, not fully grown, were placed upon the following diets
and their resistance to acetonitrile determined after about 8 weeks,
The group “Oatmeal and milk” received at first no water; the milk
(which had been boiled) was placed in a vessel separate from the
ontmeal. Later a vessel containing water was also placed in the cage.
The mice were not weighed until at the end of the experiment. The
bread was from a different bakery than that used in the preceding

series,
[[Dhose in mgm. per gi. maonse.]

! Fatal dose of ace-

| tonitrile.
Weight |
THiet., {ﬂ-\'ﬂlﬂﬂﬂ]- ! L .| —
| Recovered. | Thed.

}- Grams. | i
B ot (] =i vnm s sudamn s fn b S W TR R 18. 70 0nLes| 070
hﬂltm&ﬂ-'l.,¢ .12 1. 60 1. 70
‘. Oatmeal and Tl (Bolled).. 2o .ooneoiner e 20. 35 2.10| 240

P N T
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Series 15. (Mar., 1908.) (x, 108.)

Grown mice were placed upon the following diets for about 1
weeks:
[[Dos# in Mg, Per gm. mouse. ]

Fatal -:l.w:n1 Igf oL
i Woight L
A {average).
Recoverad. | Tried
Frams.

e Bl G o i e e L (R0 o] [ E

D e T S e T SR RO e 22,57 2.10

- Optmeal and mllle (bolled - costadasii ol i st 24. 56 2,30

Series 16. (Mar., 1906.) (vi, 154.)

Mice were placed upon the following diets for about 4 weeks, The
were weighed at frequent intervals:

[Drose in mgm. per gm. motse. ]

Fatal dose of aceto
nitrile.
Diet. Change in welght {average).

Recovered. | Died.
L A e Decrensed 4.4 por cent (from 21 to A gms) .. ........ . 4 0. 48
e e e s Dmusadlrermnt- from 17.96 to 17.76 gmis.)....... . B Ll
I il sy LA e, f NuelmnguE ............................... .50 T
doOAs. . ceiainiiiaaaaa| MO chanEe l?ngms ............................... . T4

Series 17. (May, 1908.) (x, 172.)

Groups of young mice (15 in each) were fed as below for § to 9
weels:

[Dose in mgm. per gm. monse. ]
Fatal dose of
nitrile.
Diat. Change in weight {average).
Rocoverad, | Diead.
volk (bofled)..........| Increased 40 per cent {from 12.08 to 182 gms.). ... 0,12
ﬁﬁ{hﬂﬁﬂd] wmsmmanneaneasa| INCTEASEA 26 ﬁu&nt (from 12.48 to 16.18 gma.), ..... « 20
..................... Inereased ].:p&rnent}lmm 13.2 to 1504 gms.). ...... . |
d Mlikl‘,mn"],,",,,,.,...,... Inereased 13 per cent {from 12.84 to 14.55 gma.). .. ... W28
e. Ham (lean)....... Inereased 26 per cent (from 12,28 to 15.50 gms. ). ..... L340
A mﬁllitﬁ {Ilmilad} “and Incmnm:ll]izparnmt(ﬁ'umﬁﬂ?talﬂb?gms]““.. .52
equal pa
g- Egg white (boiled} and | Increased 13 per cent (from 15.25 to 15 gms. b oo .. i)
oatmeal (equal parts),
h. Bread (8)... cesrenesse.| IMerensed 16.4 per cent (from 12.67 to 14.75 pms.)..... LE0
i. Bread and oat ashe. .. .. Increased 5.8 per cont (from 12,67 to 13,4 gmsa. ). ... - B0
_1 R e e Increased 2 per cent (from 15,49 to 13,80 gms. ). ...... 1. 50
. Potatoes (boiled)...........| Decreaged 7.6 poer cent (from 12,67 to 11.67 gms.). . 1. =0
{. Liver hog (bolled)._ .. .. | Increased 10 per cent 13.49 to 14.91 gms.). .. & 80

@ The ash from 100 gme. oats was intimately mixed with the bread snd fed dafly.

|
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There was, in this series, quite a close parallelism between the
egree of resistance and the rate of growth; the more rapid the growth
Fle less was the resistance.

Series 18. (July, 1908.) (xi, 2.)

These experiments were performed in July, a month in which the
lesistance of mice to acetonitrile is always low.

[Doge in mgm. per gm. mouse. ]

' Fatal dose of aceto-
[ nitrile.
Dist. | Change In welght (average). |————
| | Iinmvemﬂ.l Dy,
L Epg yolk (bolled).......... | Inereased 24 per cont ([rom 153 1o 19 gms.). .. ....... 0. [h8 0. 11
L Egz, entire (bolled)........ | Increased 22 per cent ( from 142 10 174 gmis. ). - . aci LG B[]
| Oats. extracted o, . .........| Decressed 16 per cent from 15.5to 13 gmis. ). ....... L1190 . 20
. Brain® (sheop) and oat- | Increased L5 per cent (from 17 to 19.5 gms.). ......... L210 .22
meal (equal limrts}. |
L Egg %k and liver (equal | Increased I3 per oent (Irom 15.1 io 18.6 gma.) . . ..... . 250 .30
res). |
L Gaptﬁlmul ................... | Inereased 5.7 per cent (from 15.7 to 16.6 gms.)........ « 00 .45
. Kidney, sheep (boiled)..... Inereased 20 per cent (from 13.7 to 16.5 gms.). ... ... L 630 . 0d
5 Efg v:jlita la;ul oatmeal | Increased 10 per cent ({rom 15.7 to 17.3 gms.)........ LT50 L0
equal parts).
L Ege wt:munndlimrmqunl i Increased 2 per cent ([rom 151 10 15.4 gME. J..vvvznes B0 .90
arts).
. L-R"ET, gn:-g (bofled) . ....... | Inereased 1 per cent (from 15.3 to 15.5 EME: ) cmaaans 1.50 1.50
L]

& Residue after exiraction with 96 Ip-er cent aleohol.
b Mice die in a few days on an exelusive diet of brain.

The ecombinations of foods gave results of some interest. Thus a
ixture of egg white and egg volk did not have an effect different
m that of ege volk alone. A mixture of egg white and liver led to
condition in which the resistance to acetonitrile was but one-half as
at as when liver alone was given. The effect of adding egg white
oatmeal was the reverse; the mice became twice as resistant as
hen oatmeal alone was given. Brain added to oatmeal and egg volk
added to liver caused a lower degree of resistance than when oatmeal
r liver was given alone,

With two or three exceptions there was, in this series, a fairly close
sarallelism between the degree of resistance and the increase in
weight; the greater the latter the lower was the former.

Series 19. (Aug., 1807.) (x, 102.)

A number of adult mice were fed upon the following diets for
about 5 weeks:

[Dosze in mgm. per gm. mouse.]

! Fatal dose of aceto-

nitrile.
Weight
Diet. {nmg'gle g
Recovered, | Died.
| (Frams.
e - R G L 19.71 0. 47 i, 49
B Gt . i iiiiiaeseemeseserereeasaeseessisbaann s 21. 42 .56 il

-—
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Series 20. (Dec., 1907.) (x, 100.)

A number of adult mice were kept upon the following diets fﬂr
period of about 45 months. Many young mice were born; a carefy
record was not kept, but those receiving the diet of hemp seed s
milk seemed to be the most prolific.

[Dose in mgm. per gm. mouse. |

Diet Weight :
el {average).
Recoversd,

: (Framas.
Ll Ty L i 25. 19 0, 56
B Brend a0 s s e e i e i e 1% 63 . 58
o e A N T e e e e R o e e 23.61 . G55
. Hempsmdanﬂnﬂlk me} __________________________________________ 19. 94 i
. Hemp sead. . 2, 76 . 5
T L S i DT 0. 86 L.70

|

The milk very distinetly lowered the resistance caused by the oats

Series 21. (Dec., 1909.) (xii, 2.)

Groups of mice, not fully grown, were fed as follows for abou
6 weeks. The corn-meal mush was made by boiling a commercia
white corn meal with water. Part of this mush was placed aside i
a warm room and allowed to become sour before feeding. The bread
was from a different bakery than that used in the immediately pre
ceding series.

[Doge In mMgm. Per gm. mosde.|

Fatal dose of aceto
nitrile.
IHel. Change in weighi (average).

| Recovered.
|

g. Corn-meal mush glmh]‘.. Decreased 3.5 per cent (from 13.80 to 13,28 "55111 0, 50
b. Corn=meal mush (sour).....| Decreased 151 per cent (from 14.72 to 12.05 gms. ‘.|....
¢. Bread (C) and oats.........| Increased 26.2 per cent (from 13.8 to 17.42 gms.).. |

The resistance of other mice of these groups toward atropine
sulphate and cocaine hydrochloride was tested; no difference was
found between groups @ and ¢, but those of group b were less resistant
to both poisons. :
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The resistance of mice to acetonitrile is usually high in the wintes
The mice on the egg diet had not increased in weight as much as the;
usually did on this diet; their resistance was also higher. |

Series 25. (Feb., 1910,) (xii, 34.)

The mice were fed as below for nearly 6 weeks. The corn oil was
extracted with cold ether from yellow corn meal prepared in th
laboratory.® The egg oil was extracted from the yolk of eggs witl
ether and aleohol; most of the lecithin was afterwards removed.

[Pose in mgm. per gm. monse.]

Fatal dose of ace
tonlirile,
Diat. Change in weight (average). -
Becovered. | I
. Cw:rm alll,ﬁtl pari; bread (), | Decreased 15.3 per cent (from 1583 io 13.4 gms.). ... 0.17 i
b. nglh.::tl, 1 part; bread (C), | Decreased 22.8 per cent (from 15.85 to 12.33 gms.). ... .18 :
Is. y
£ mlvF:;Il 1 part; bread (C), | Decreased 5.36 per cent (from 15.85 to 15 gms.). . LIRS .
d. Fgﬁ&&whulaj ................ Increased 34.9 per cent (from 12.6 to 17 gms.). . - 35
B | Mo shempe (1230 s e e e 4.30 4.

The mice fed upon this particular kind of bread (C) had again a
remarkably high degree of resistance. The addition to the bread o
corn and egg oils lowered the resistance to about one-twentieth
The changes in weight caused by the egg diet and the bread and

ge oil diet are interesting; the former caused a great increase im
weight, whereas the latter caused a decrease. Both, however, caused
a low degree of resistance. These results suggest that it is not th
oil in the egg which causes the increase in weight (it is probably th
lecithin) ; the oil may, however, be largely responsible for the lowered
resistance in both cases.

Series 28, (Feb., 1910.) (xii, 38.)

Young mice, 12 in each group, were fed as below for about 37
days. The two kinds of bread used (C and S) were those used in
previous experiments. The ‘‘Oat extract” was prepared by ex-
tracting oats, ground in the laboratory, with three times its weight
of distilled water; two parts of this extract was mixed with one
part of corn meal. :

¢ [ am indebted to Dr. Norman Roberts for the preparation of this oil.
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[Dose in mgm. per gm. mouse.]

|
Fatal doso of ace-
tonitrile.
Diet. Change in weight (average.)
Recovered, | Died,
i Lo g L e e Increased 3.16 per cent (from 12.33 to 12.72 gms.). ... 0.10 11
ik, boiled B _._......... Increased 406 per cent (from 12,38 to 12.9 ;gm-&.:)].... .15 16
il “rrn?l.#}spuﬂ; hoiled | Increased 27.33 per cent (from 12,33 to 15.7 gms.).... .50 . B0
milk. 2 parts.
Aread (SE. .. .cocciearnaee Nnc!mnﬁeim.ﬂ-lFHIS-]..,............._....,........ ............ 1. 00
F 2 N mgl,lpnﬂ;mw milk, | Increased 37.14 per eent (from 12.33 to 16.01 grs. ). . 1.00 1.10
parts.
orn meal, 1 part ; ost ex- | Decreased 3.56 per cent (from 12.3% to 118 gms.).... 240 2, 50
tract, 2 parts.d
T e TR Decreased 7.54 per cent {from 12.33 to 11.4 gms.. ... 3. 00 &40
Brand (0) e, e ’ Increased 4.46 per cent (from 12.33 to 12,85 gms.) ... 4. 00 410
s One mouse had died. ¢ Five mice had died. « Four miee died.

b Two mice had disd. d Two mbea died.

| Thus the difference between the effects of the two brands of bread
yted in preceding experiments is evident here also. The addition
milk (raw or boiled) lowered the resistance caused by the corn
leal, the boiled being more active in this respect than the raw

Series 27. (May, 1910.) (xii, 48.)

Young mice (10 in each group) were fed as below for about 5 weeks.
fwenty-five grams of corn meal were given daily; that fed to group @
bs mixed with 25 ¢. ¢. water, that to b with 5 c. c. of Armour’s
ktract of red bone marrow © plus 20 c. c. water, that to ¢ with one-
burth of an egg yolk and 25 c. c. water, that to d with one-fourth of
egg white and 25 c. c. water, that to ¢ with 25 c. e. 20 per cent
yeerin, that to f with 5 c. c. of Fairchild Bros. and Foster’s lecithin
Jution ® and 20 c. c. water, that to ¢ with the ash of 100 e. c. milk
1d 25 c. ¢. water, and that to b with 25 ¢. ¢. 0.1 per cent solution of
ptassium iodide.

[Dose in mgm. per gm. mouse.]

_—

bIbid., p. 117.

aSee Mew and Non-Official Remedies, 1910, p. 144

= Three mive had died.
d Ope mouse had died,

46496°—Bull. 69—10——3

|

| Fatal dose of aceto-

! nitrile.

Dilet, Change in welght (average). jo it
Recovered. | Died.
Cornmeal €...cooicnnnrannn Decreased 26.18 per cent (from 11.8 to 8.71 gms.). _.. 1.50 2.00
Corn meal and bone mar- | Decreased 20 per cent (from 11.8 to 0.4 gm8.). .. ... 1. 10 1.20
. row.d
'Corn meal and egg yolk ¢. .| Decreased 11.01 per cent (from 1.8 to 10.5 gma.). .. .. R .70
Corn meal and white. | Increased %.48 per cent (from 11.8 to 12.8 EMS. ). . - 1.20 120.
Corn meal and glycerin /.. .| Decreased 15.25 per cent from 11.8 to 10 ) P o e .70
‘Corn meal and lecithing . . .| Decreased 17.20 per cent from 11.8 to 9.77 gms.}...-- 1. 30 1.40
Corn meal and milk ashd_. Decreased 5.08 per cent (from 11.8 to 11.2 gma.)...... 1.40 | H1.00
{:n{;uﬁmal and potassium | Decreased 24.83 per cent {from 11.8 to 8,57 gmMA.)..... 2. 40 2.50
el

e Eight mice had died.
f Five mice ha
g Two mice had died.
h Results irregular.,

i died,
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The mice which had lost the most weight were the most resistant
the poison. '
The survivors from groups b, d, f, and k were placed upon a diet g
eges for about 13 days, when their resistance to acetonitrile was agai
determined ; the fatal doses of the previous period are placed |
brackets for comparison.

[ Dvose in mgm. per gm. mouse.)

Fatal dose of aceto.
nitrile,

Previous diet, Change in welght (average).

Recovered.| Died.

b. Corn meal and bone mar- | Increased 6331 per cent (from 9.5 to 16 gms.) .. [ 0.15 (1. 10) | 0. 20 (1.8

row, -
d. Corn meal and egg white...| Inereased 33.19 per cent El'mm 122 o 16.25 pma.) | .15 %L H)
I, Corn meal and thin. .. .| Increased 6595 per cent (from 9.4 to 15.6 gma_g .35 (1. 30 3 X
k. minrle‘MI and potassium | Increased 44.34 per cent (from 5.66 10 12,5 gms.). . (2. 40) L2,
&

;== - m e =

Thus the diet of eggs had an effect similar to that of milk in othe
series; that is, it quickly lowered the resistance of the mice to acete
nitrile.

A number of experiments were perfurmed in which the mice wer
weighed separately, at short intervals; in many cases, after th
resistance to acetonitrile had been determined, the diet was change
and later the resistance again determined.

Series 28,
A. INITIAL DIET: HAM AND AMERICAN CHEESE. (v, 158.)

Weight
Date. of TGS Remarks.
1905 Grams

Apr. 3| 1442 | Diet of ham and cheese bogun.
Apr: 19 14. 65 | Acetonitrile, 203 megms., [. o., 0.2 mgm. per gm. mouse: survived,
.......... Diet chnngeﬁ torice. ; 4

15. 22 Acctonitrile, 6.00 mgms., 1. e, 0.4 mgm. per gm. mouse; survived,
12,21 | Ham and cheese diet begun.

A]Jr 15 1321 Acetoniirile, 3.96 mgms., §. e., 0.3 mgm. per gm. mouse; died, 2 hours.
Apr. 3 i7. 41 | Ham and cheese.

Apr 17 16. 65 Acetonitrile, 6.66 mgms., {. e., 0.4 mgm. per gm. monase; died, 2} hours.

B. INITIAL DIET: RICE. (v, 162.)

Apr. k. 15.35 | Diet of rice hegun.

..'.pr: 17 12, 05 Acetonitrile, 6.03 mgms., i. e, 0.5 mgm. per gm. mouse; survived,
Apr. 1 16. 05 | Diet of rice begun.

A.pr: 18 11.31 | Acetonitrile, 7.03 mgms., 1. e, , 06 mEm, por gm. mouse; survived,

RpE 2 ik Diet changed to ham and chease,
A.Pr. 26 14. 41
¥ 3 17.25

May 4 17. 45 | Acetonitrile, 6.98 mgmas., i. e., 0.4 mgm |p-lar m. mousge; died, 5 hours &
A few other mice of this group died after 14 to 17 days of the am]mha rice diet. |
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C. INITTAL DIET: OLIVE OIL ON OATS. (v, 180.)

Wﬂght Femarks.

3 14.21 | Olive oil on oats.

10, 22 | Acetonitrile, 204 mgmzs. § o, 0,2 mgm. per gm. mouse; survived.
.......... Diet changed to riee. Lt i

1. 75
3 0. 23 | Acetonitrile, 5.54 mgms,, I, e, 0.6 mgm. per gin. mouses; survived.
3 12. 55 | Ol on oats.
10 11. 71
20| 1105 | Acetonitelle, 2.78 i wd
g cotonitrile, 2.76 mgms., 1. a., 0.25 mgm. per gm. mousc,; survived.
.......... Diet -::!mngn::l to rice. S
12. 55
i :& E% Acetonitrile, 8.58 i ived
T tonitrile, 8.58 mgms., 1. e., 0. 8 mgm. per gm. mouse; survived.
lg et e Diet nhnnm:I to ham and cheese., i

y 17 99 05 | Acotonitrile, 1103 mgms., i. e., 0.5 MEM. Per go. mouse; died, 23 hours.
3 16. 26 | Olive ofl on oats.

. 18 13.35 | Acetonitrile, 4 mgms., 1. e., 0.3 mgm. per gm. mouse; died. 4 to 6 hours.
3 17. 10 | Olive oil on oats:

. 17 13.75  Acctonitrile, 5.5 mgms., i. e., 0.4 mgm. per gm. mouse; died, 4} hours.

D. INITIAL DIET: BREAD AND OATS. (v, 184

. | Grams.
3 14. 56 | Dot of bread and oals begun.
pr. 10 14. 30

. 10 15.31 | Acetonitrile, 3.83 mgms., {. e., (.25 mgm. per . mouse; survivad.

] o0, 85 | Broead and oats.
. 10 14, 82
= 19. 81
. 20 20.06 | Acetonitrile, 6.02 mgms., i. #., 0.3 mgm. per gm. mouse; died, 4 honrs.

5 12. 50 | Bread and oats.
. 10 12. BD .
c 18 13.01 | Acetonitrile, 4,55 mema., i. ., (L35 MEgm. per gm. TO0Hse, died, 3 honors.

SuMMARY OF SERIEs 28.—The effects upon the resistance to ace-
bnitrile of the initial diets in the above experiments may be sum-

harized as follows:
[Dose in mgm. per gm. mouse.]

Fatal doze of ace-
tomitribe.

Diet. Change In welght (average). |

Recoverad. | Died.

. Tam and cheese .........| Increase L1 pereent. .. ..ocovrnmmnnsnnescncncns 0, 20 . 30
A R Decreass 25 PEr OB, «.ouweeresccsasnanrassraaasanns . R

. Olland 068 «oeouovnenn- Trecrease 19 Per GERt. ..o cmeocesasnnarasmmaaasaans | - 25 a0
Ermdn{s}a.udnals,,,-.-_lIucmmﬂQ-permut ................................ | .25

Thus the mice which had received the diet of rice were the most
esistant: they also lost most in weight. The mice on the oil and
its diet lost almost as much in weight without any increase in their
esistance. An examination of the above protocols show that the
sistance to acetonitrile of mice which had been receiving a diet of

am and cheese or of olive oil and oats was inereased when they were
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placed on a diet of rice, and that the resistance of mice which ha
been increased by a diet of rice was lowered by a diet of ham an
cheese; the latter also caused a rapid increase in weight. The brea
used in the above experiments was from the same bakery as the
used in the previously described experiments in which a low degre
of resistance resulted from a bread diet.

Results similar to the above were obtained in the following expe;
iments:

Series 28,

A, INITIAL DIET: HAM AND CHEESE. (v, 158-150)

Weight
Diate. e Remarka.
1005. | Gramas.

May 27 15.61 | Diet of ham and cheese begun.
Junge 10 15. 55
June 19 18. 10 | Acetomitrile, 3.8 mgms., k. e., 0.21 mgm. per gm. monse; died, 1§ honrs.

May & 15.25 | Diiet of ham and cheese hegun.
May 10 16 05

June 3 10 85
June 19 18.72 | Acetonitrile, 4.58 mgms., 1. e., 0.25 mgm. per gm. mouse; died, 14 hours.

May 26 18.16 | Diet of ham and cheese begun.

June 3 19.05
June 18 16.26 | Acetonitrile, 4.88 mgms., 1. €., 0.3 mgm. per gm. mouse; died, 1 hour.

B. INITIAL DIET: RICE. (v, 16Z.)

1005. | Gramas, 3
May 27 18.21 | Tviet of rice hegun.
June 3 17. 55
June 14 14.91
June 14 13.30 | Acetonitrile, 9.31 mgms., i e., 0.7 mgm per gm. monse; survived.
June 20 15.22 | Diet changed to ham and cheese.
June 30 17. 35 A
July 3 10.22 | Acetonitrile, 9.61 mgms., . e., 0.5 mgm. per gm. mouse: died, 12 to 12 hours.

Series 30.
A, INITIAL DIET: RICE. (v, 166.)

1505, Grams.
June 21 20,15 | Diet of rlee begun,
June 30 18. 95
July 10 15,05 | Acetonitrile, 10264 megms. 1. e., (. 7 mgm. per gm. motse; survived.

June 21 21. 35 | Diet of rice hepun.

gu{‘;i’é {%33 Acetonitrile, 12, 05 i 0E ived
] eetonitrile, 12,06 megms,, i ¢., LS MEm. per gm. monse; survived.

July 12 | 1505 | Diet changed to ham and cheese.

July 31 22,35

Aug. 2 23,06 | Acetonitrile, 11.53 mgms,, L. ¢, 0.6 mgm, per gm. monse; died, 2 hours.

B. INITIAL DIET: HAM AND CHEESE. (v, 185.)

1905, Grams.
June 21 19,15 | Diet of ham and cheese begun.
July & 15. 0
July 10 16.05 | Acetonitrile, 3.21 mgma., i. e., 0.2 mgm. per gm. mouse; died, 2 hours.

These experiments also show that the change from a diet of ri
to one of ham and cheese caused a marked increase in weight and
low resistance.
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Beries 31.

A. DIET: DATS AND WATER. (v,30.)

Welght
Date. of monse. Remarks.

904. | Grams,
Al 19. 51 | Diet of oats and water begumn.
11 10.35 | Acetonitrile, 6.77 mgms., L. ., 0.35 mgm. per gm. mouse; survived.

eo 2. 86 | Diet of oats and water begun.

bt 19,43 | Acetonitrile, 7.38 mgms., L. e., 0.38 mgm, per gm. mouse; survived.
8| 2235 | Diet of oats and water begun.

‘10 J 19. 11 | Acetonitrile, 7.64 mgms., i. e., 0.4 mgm. per gm. mouse; died, 3 (o § hours.

B. DIET: OATS IN 20 PER CENT DEXTROSE. (v,30.)

- - —— e ————

Grams. | . |

Diet of oats and dextross boegumn,

20,02 | Acetonitrile, 8 mgms., [ e., 0.4 mgm. per gm. mouse; survived.
1831 | Diiet of oats and dextrose begun.

18,85 | Acetonitrile, 8,48 mgms., L e., 0.45 mgm. per gm. mouss; survived.

eevrvrn..| Diet of oats and dextrose continued.
17.71°| Acetonitrile, 14.17 mgms., [. e, (.8 mgm, per gm. mouse; survived.

. DIET: AMERICAN CHEESE. (v,3L.]

24, 45 | Diet of cheese begun.

16.31 | Acetonltrile, 5.71 mg:ms [, ., 0.35 mgm. per gm. mouse; survived,
.......... Diet of chesse continued.
15,31 | Acetonitrile, 4.79 mgms., i. e., 0.36 mgm. per gm. mouse; died, 6 to & hours.

25.85 | Diet of cheese begun.

1922 | Acotonltrile, 7.2 mgms., L. e, 0.38 mgm. per gm. mouse; died, 3] hrs.
3. 45 | Diet of cheese hagumn.

(1] 17.10 | Acetonitrile, 6.84 mgms., I e., 0.4 mgm. per gm. mouse; died, 3 to 9 hours,

SumMary oF SeEries 31.—The above experiments may be sum-

arized as follows:
[Those in MEmM. per gm. mouse. |

| Fatal dose of aceto-
nitrile.
Diet. \ Change in welght {average).

| Recoverad. | Died.

d b P
. Oats and water............ ! Decrense O PET Cent.. . . .ooccininnnrmsmssessssnnnnneos 0. 38 0. 40
3 {Jm“d{lextrme.........: MOCHATER. . o oroceacvmnrnarrasssmsasasmarmmr e fiy - 7| B
T e | Decrease 34 per cent. .. e T .35 .38

Thus there was an increased resistance to acetonitrile without any
ase in weight and a lowered resistance with a considerable loss

?_ weight.
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With a shorter period of feeding, the effect of dextrose in increasing
the resistance of mice to acetonitrile was less marked, as is shown i
the following:

Series 32.

A. DIET OF OATS AND WATER. (v, 170-171.)

[Drose In mgm. per gm. moise.]

Weight

Date. ul'mngusa. Remarks.

LL1HR framas.
Jan. 9 15 21 | Diet of oats and water begun.
Jan, 13 17, 02
Jan, 21 18, 41 | Acetonitrile, 6.44 mgms., i, e., 0.35 mgm. per gm. mouss; survived.
Jan. 9 14. 51 | Dvietof oats and water bagun.
Jan. 22 15 61 | Acetonitrile, 6.24 mgms., . e., 0.4 mgm. per gm. mouse; died, 17 hours.

B. DIET OF OATS IN 2 PER CENT DEXTROBE. (v, 32.)

1905 (PR,

a 17. 85 | Dviet of oats and dextrose begun.

Jan. 23 18.15 | Acetonitrile, 7.26 mgms., 1. ., 0.4 mgm. per gm. mouse; suryvived,

0 18,07 | Tviet of oats and dextrose bagun.

Jan. 21 19,15 | Acetonitrile, 9.58 mgms., L. e, 0.5 mgm. per gm. mouse; died, 8 hours.

Series 33. (Mar., 1906.) (v, 136.)

In the following experiments the effects of adding aleohol, dextros
and alcohol, and dextrose to the diet of oats and water was deter
mined. A number of mice were placed upon these diets (with others
on diets of oats and water and dried beef) and their resistance to
acetonitrile tested after periods of 7, 11, and 14 weeks. As the exper
iments were numerous, only a summary of the results will be given

A. AFTER T WEEKS.

[Dose in mgm. per gm. mouse. ]

Fatal dose of aceto-
nitrile,
Diet. Change in weight {average).
Recovered. | Died,
A Onhsand wabar. ..o i Incrensed 6.7 pereent. . ............... 0. 58 0.
B. Oats in aleohol gradually inereased from | Dooreased 8.7 percant. . ... ... i 8
5 Lo 50 poer cent. F
C. Oatsin dextrose solution increased from | Increased 16.7 percent............. te . 50
& to 20 por cont. |
D, Oals in dextrose solution (inereased from | Inereased 6 percent. ... ............ 1.20 15
5 to 20 per cont) and aleahol (inereased '
from 5 to 50 per cent. )
E. Drled besf in watef........c..coviaaeains Decreasad B8 pereant. ... .......co..- Loo.....
B..AFTER 11 WEEKS.
A Ote anid Wabar s i e S Incressed 3.3 pereent ... ... ...... B0l .. .8
B, Outs in aleohol. ... .. e A Decreased 58 peroent ... vvveeennnn s 80
G.l un’mlnd dﬂxum ----------------------- !nm? m»;+-a+++++++-¢++++-— eEsesdsEnnenn
Iy, Oats and aleohol and dextrose. . .._..._. Decreased 2.7 percemt . .......o.o.o... B0
E Dried beefIn water. ... ................. Decreased 6.5 peroent .........c...... 1.2 |oause
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C. AFTER 14 WEEKS.

|
| Fatal doze of aceto-
nitrile
Date. Changes in weight (average).
‘Recovered. | Died.
DAt AN WREED . .. L Decreased 3.3 per cent .......o.oooa.es | [, 1 1.10
» Datgand aloohol.......ccorssscmcancsnss Decreased 20 percent ......vivnannan o B 1B
Dais, aleohol, and dexirese. . ... ..., Increased 2percent . .......ovoaaaono | 1. 10 1. 10
s Drled heel I Water. . ......ccocaiavinass Increagsed 2 Per CBNOL o .oevvvrenennanans| 1.00 1.20

SUMMARY OF SERIES 33.—In the above experiments there were,
pfter 7 weeks, no marked differences in the susceptibility to acetoni-
rile of the mice upon the different diets except that the mice which
ad received both aleohol and dextrose, and those which had received
peef, were much more resistant to this poison than were the others.
or 11 weeks the characteristic effects of aleohol in diminishing
he resistance of animals to acetonitrile and of oats in increasing it
vere manifest. The change in weight of the mice in the above
pxperiments was, in most cases, so slight that not much importance
s to be attached to it as a cause of the differences in the suscepti-

bi ity.
That an exclusive diet of lean dried beef will lead to an increased
besistance to acetonitrile, and that alcohol added to such diet will

iminish the effect of the beef, is shown by the following experi-

Series 34. (Feb., 1808.) (v, 132.)

A. AFTER 3 TO 4 WEEKS.

[Dose in mgm. per gm, mose.)

Fatal dose of
acctonitrile,

Diiet. Change in weight (average). | ——e
Recoversd. | Died.

T By ] T e R Decreased 2 peroent. cooooeeeoiaooee s ' 0.5 0.60
B Beafand Waler . _..........ccoeveneseean--| INCreased 15 percent. ... .coo0nno0 - L [
S Beafandaleobol .. .....oroiaiianiiiiiins Decreased 10 per cent. .o eenernnan. I e

- —_— e ———— — . mrm————

B. AFTER 7 WEEKS.

_— —

M. Ontsand Water . .......ccceveneocooooons Inecreased BT percent. ... ....... 0,58 0, 62

B Teoland Water ......oovnssvooecesseeono Decrensed B8 percent.. .. oocevuaeanas T 1) S

B Beefandaleohol.................... ... | Decreased 20 per cent. . ............... 50 55
C. AFTER 11 WEEKS.

AT R T [y | Increased 3.3 peroent................. [0 1T (R

B Beoland waber .. ..........ooviuiiiiaans Increased 22 percent. .. .....cvovvmunes 1.30 1.30

D, AFTER 14 WEEKS,

i, Boaland waker ...........ccconrnnnnuns- : Increased 25 peroent......cvnevvnnnnss |0 11 S
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In the following experiments the diet consisted of “cakes” made
by mixing varying amounts of other foodstuffs with ordinary “ecrack
ers” or “biscuits;” the controls were fed on “cakes” made from the
latter only. The experiments, which were very numerous, are giver
in tabulated form. Only the largest nonfatal and the smallest fatal
doses are recorded.

Series 35. (Oct., 1905.) (v, 176.)

The mice were fed on the diets named below for 12 days.

[Dose in mgm. per gm. monse.]

] Fatal doseof
acetonitrile.
Diet. Change in welght (average).
Recovered. | Died.
| i
B O e | Decrensed 12 per eent. . ..cvveecncnnnns 0. 20 0,2
. Lard, 1 part; cakes, 3 parts............... | Decrensed 13 pereent. ....o........... .15 -
. Corn starch, 1 part; cakes, S parts. .. Decreased 9 pereent. .. ....coooooonns .18 P
d. Caseln, | part: cakes, 3 parts. ............ Decreased | pareent. .......ocevvonnss .18 u
e. Dextrose, | part; cakes, 3 parts.......... Decrensed 7 per 6. ....ovvvenernnenn 5 3
Series 36. (Oct., 1805.) (v, 178.)
The mice were fed on the diets named below for 13 days.
[Dose in mgm. per gim. mouse. |
Driet. Change in weight (average). Recovered | Died.
BN dor. b s wa bt stk i e e Decreased 1l pereent. ... ... ... . ... 115 SN (S
b, Lnrd..ﬂgﬁns: cakes, 2 parts. ............ | Drberofesed B8 Per CaIE. - s el e v s e e 0. 156
¢.0 Caseln, 2 parts; cales, 2 parts............ Decreased 1S pereent. . ... .ccoiiaan.. .12 :
d. Starch, 2 parts; cakes, 2parts............ Decrensed 20 percent. . ... . _...__ L2007 .30
¢. Dextrose, 2 parts; cakes, Zparts. ........ Decreased 10 percent. . ... ..... .35 40

o Another mouse of this group died from 0018 II(IIKI'I‘I aeetonitrile. A mouse which had recovered
0.12 mgm. per gm. was placed for 2 weeks upon dexirose cakes; it recovered from 0.3 mgm. acetoni
per gm., i. ., from o dose twice as large as the fatal dose for mice on cazein.

Series 37. (Nov., 1805.) (w, 80.)

The mice were fed on the diets named below for 8 days.
: [Dese in mgm. per gm. mouse.]

Diet. Change in weight {average). Recovered.| Died.

e et e S S Decreased 18 pereent. . ... .oovvvrrvs]onnnnnnnnnns .30
b. Lard and cakes, equal parta.............. Dacrensed 31 parcent. ..o ioaiiaialh e e nmns i
¢. Starch and eakes, equal parts............ Dacrensed 31 parcent. . ... ..ooonoiasliiveaunaan 3
d. Casein and cakes, equal parts.._ .. .. . . Decrensed 27 pereent. .. ... ......... P T R 3
¢. Dextrose and cakes, equal parts....... ... Decreased 12 parcent. ... .....cvvnvunen 1, 1 [ :
f. Ham and cheese, equal parts............. Increased 3.5 per cent.....covvenennnne. [ e e
g. E%a.nd cheese, equal parts.. ... ... . Decreased 1 porcent. .........ccnnn... .20

2 e e S B 10 B PR R S e .G

Some of the mice in this series which had acquired a high degree
of resistance to acetonitrile as a result of the rice or dextrose ¢
were placed upon a diet of ham and cheese; after about 2 weeks the
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markedly diminished, although their weight had increased and
heir general condition had apparently improved.

SumMARY oF SERIES 35-37.—The addition of lard, in compara-
tively large proportion, to the diet of mice reduces their resistance to
acetonitrile markedly; it also causes a marked loss of weight. The
effect of corn starch is apparently the same; casein in large amounts

aused a marked loss of weight, but its effect upon the resistance to
acetonitrile was variable. Dextrose, which in these experiments
caused a loss of weight (which was, however, rather less than that
caused by the exclusive diet of cakes alone) caused a decided increase
in the resistance. Rice, as usual, caused a marked loss of weight
and also a marked increase in the resistance. There were, however,
in the above experiments several cases in which a marked loss of
weight was not accompanied by an increased resistance.

Several extensive series of experiments were performed in which
small amounts of various foods, blood, various organs of animals, and
certain other substances which may, at times at least, have some
interest in connection with dietetic studies, were added to cakes and
fed to mice. Many of these experiments were performed as controls
to other experiments, and in this respect the negative results often
obtained have a certain interest. They will be reported in as brief
a form as possible. :
Series 38. (Aug., 1805.) (v,30.)

The mice were fed on the diets named below for about 4 weeks.
Such expressions as ““casein 0.3+4" indicate that 0.3 gm. casein
was made into a cake with 4 gms. eracker dust.

[[ase in mgm. per go. mouse. |

Fatal dose of aceto-
nitrile.
Diet. Change in weight (average).

Recovered. | Died.

G T Sy L T Precroased 28 peroemt. . oooaoannaiins (LTl SR
B Poptone, 0.3+4. .. ...o.ocianranraniannan- Dhecroased 25 percent.. ... ....0.aaa- 20 0. 30
¢, Nuirose, 0344, . ...ccciacnanaananaaaa JMmdaeruent................._ .20 .30
g Calatioe, D4 0 i s Docreased 32 pareant . .oooaiaalall .35 45
2 Casaln 03454, caericnneinsmmnssarmnsssss Demmdzﬁpermnl.......,.........] S e R

Series 38. (Oct., 1905.) (v,86-87.)

The mice were fed on the following diets for about 1 week.

[Doge in mgm. per gm. mouse. |

Diet. Change in weight (average). Recovered. | Died.
T P ': Increased D8 poreent. . ...c.ooovinanan 0.20 0. 25
p. Parathyroids (beef), 0.2+4.....ccccnnrnes Increased O pereent. ... .....ocociiiaas G 8
g, Cogeln, 0.2-F4. ... .ccoiicavmancaraanaanes Increased G PO GBI, . oaeeserecmoaess ] .08
d. Peptone, 0.2844d. .. ..ceaianmrirecninnnnns Increased O PATOBOE. ... covavmacamaamas L
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Series 40. (July, 1905.) (v, 83.)

The mice were fed for about 1 week.

[1rose in mgm. Per gin. monss,]

Diet. Change in weight (average). Recovered.
B R e Dacreasad 0 pereant. . .....cccoiiiiiiliricn i
B T L e o s e i i i Increased 4 PARCBNIL. .. covvaeanannarans 0.12
e, supmnnl,u.ﬂui-i............_._.__..____ Increased 21 percent..................
d. Thymus, 0.344....... iiwietenseaet INCTeASA] PRTORIG. Sl e 18
€. Nuclein {yeast), M-H e aeann waa OCTEASO 2 PETOAAL. L e as .
f. Gelatine, 0.3-+4.. S B Decreased B.5 percent................ 23

Series 41. (Dec., 1808.) (v, 130.)

The mice were fed for about 10 days.

[Drose in mgm. per gm. mouse. |

Iriet. Change in weight (average). Recoversd.
T e o e e e T s Incressod 0.6 parcent. ... .covevvnniess 0. 55
b. Pancress {dﬁi&ahd] ﬂ 3+L s wova| Increassdi 13 paroenb.. o . ot i e e e
¢, Splean {dnsbccamd;r SR P Al 1 U111, 1T [ ] e e e %5
d. ric acid u.1+4.... .................. Decrensed d percant. .....o.oooovnna.: A5
e. Brain (desiceated), 0.344. ......o.o.oo... Increased 6.8 percent................. 5
f. Faroti ulm{ecamdj 1[5 o (O B Decreased 09 pereent. ... ... Gl
i' Mammary gland (desiceated), 0.344. . ... Increased 12 per eant. .........cocuenes 200 [
‘ Frusta.tel: ezicoated), 0344, ... ooans Increased S percent........ocoeievnen 2.00 .
i. Testes (desiceated), 0.3+4.. .. .. . . ... Increased 8.5 percent................. 200 |.

Some of the mice of the groups g, k, i, of the above table were placed
upon plain cakes and their resistance to acetonitrile again tested
after a week. Mice which had received the mammary gland (ang
which had recovered from 2 mgms. per gm.) now died from 0.4, 0.5,
and 0.6 mgm. acetonitrile; of mice which had received the prostate,
one recovered from 0.4 mgm. and one died from 0.6 mgm. per gm
mouse, whereas of those which had received the testes, two recovered
from 0.7 and 0.9 mgm. These results show the brief duration of the
increased resistance caused by prostate and mammary gland.

Series 42. (Sept., 1905.) (v, 78.)
The mice were fed on the following diets for 7 to 8 days.

[Drose in mgimn. per gm. mouse. |

Diet. | Change in weight (average). Recovered, | Died.
TR T et e R T S e S e ol lnmmrl 7 L L e e 0.23
tr. Parathyroids (beef), 00G4+4............. | Tnereased 10 percent...........ccuo... .10

PR LT SR I lm:remmp-ercent ................... i)
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Series 43. (Bept., 1905.) (vi, 86.)

The mice were fed as below for about 1 week.

| Dose in mgm. per gm. mouse. ]

S

| [
Diet, | Change in weight (average). | Recovered. | Died.
— W — = |
- e R L T l Decreased 10 percent. ... ..covuvnvness | 0. 20 0. 22
L Parathyroids (beel) 0.244.. .. . | Decreased 7 pereent..................| 08 .10
: ' |
Series 44. (Dec., 1908.) (vii, 142.)
The mice were fed as below for 9 to 10 days.
[Dose in mgm. per gm. mouse. |
Diet, i Change in weight (average). I Recovered. | Diet
L e S ' Decreased 8 percent._............... ! 0.50 | 0.65
.Hammlr{glund,lll-l--l .................. | Increased  porcent........c.covvnveas] 1.30 1. 40
eaten, O.0F4 ... .o ..o { Increased 2 perecent................... | 1.40 1.50
AT A | T e | SE00: .. el

Series 45. (May, 1807.) (vii, 126.)

The mice were fed as below for 12 days.

[[Mose in mEm, per gm. mouse. ]

Three mice of group d were given a diet of plain cakes for a week
d again tested with acetonitrile; 1 recovered from 0.5 mgm., 1
ed from 0.7 mgm. and another from 0.8 mgm. per gm.; thus the
h resistance caused by the prostate was of short duration.

e

Diet. | Change in weight (average).

| Recovered, I

Died.
s e | AR A SR
e R e = T, | Docreased 5.5 PO CON vrernnnnn.. ., ! 0.22| om
Hummar‘{]gland. (1117 .| InCressed & pericent. . ool Lol .20 .30
Dwprles D44 .. L wwa| Igredsed Bpercent. ... L. | .85 .40
Gorpuaiul&um{dmimled},&H-i,.,.,.. Decreasod I percent........ ... ... | ............ .
Series 46. (Dec., 1808.) (vii, 144.)
The mice were fed as below for 10 days.
[Iose in mgm. per gm. mouse. |
Dijet. Change in weight (average). Raqwerml. Died.

e e e e L R P e o o L T e e e e e 0, 40
rnnm-m&n.lﬁs- ......................... %ncmﬂmd 10 par mxtn. .................. 0. 44 g
Tamarinds (pulp) 0.344 ... coveiiiinn.. nerensad Gpercent. ... ......0iiieiean .70 :
Ovaries, 0344 .. ... .ccccivncmnsnsacsassa| INCTRASEd W0 pereent.................. 1.10 1.60
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Series 47. (May, 1907.) (vii, 122.)

The mice were fed as below for 18 days. b

[Trose in mgm. per gm. mouss. ]

Iriet. Change in weight {average).
o R e e S i S Drecreasid 7 per eenb. .. ..ovmvienrnnnns
b Prosbabe; 0G4 .. oLkl Decreased 18 pereent.................

Series 48. (Jan., 1907.) (vii, 174.)
The mice were fed as below for 13 days. .

[Dose in mgm. per gm. mouse. |

et Change in weight (average),
b e s e P RS DA SaT D BT o Decrensed Spercent. .. .. oooanoiias
b. Guimm-pi% embryos (dezlecated), 0.5-4-4..| Incrensed 4 percent. ... ... .... ...
o Prostabe kA Increased 3 percent.......ocoeeevneana.

Series 49. (June, 1907.) (vii, 82.)

The mice were fed as below for 11 days.

| Dose in mgm. per gm. mouse. |

[riet. Change in weighi (average).
LT T R I S T A s i D Decrensed G percend. ....-co.caoaiiaa
b MLk sogar, O3k oo oo il Decreased 12 percent. .. .. ...

Series 50. (Dec., 1906.) (vii, 140.)

The mice were fed as below for 12 days.

[1roze [n mgm. per gm. mouse. |

Diet. | Change in welght (average).
w AR i s TR e S Decroaard 2percent. .. ..covoonnoonin I
b. Umbilical cord (desiceated), 0.144....... PO, o Rl st STl B
¢. Placenta (deslecated), 0.8rd..........000 Inc B T e R e .

Series 51. (Dec., 19086.) (vii, 135.)

The mice were fed as below for 10 days.

[Dose in mgm. per gm. mouse, ]

Diet. . Change in weight (average).
O AN . vcuustvsisaa et sos o L Inonensed] I partanti - oo b i
b. Baccharin, 0 l=R4.. ... ... e Decrensed 0.5 percent................
¢. Carcinoma of liver, 0.244................ Decreased 2 perocent..................
d. Eggalbumen (dried), 0444, . ..00uunnenes Increased 3 percent ....oveveveecncnn.
e. Ox pall (puried), 0.244 . .....ccvunuene..| Decrensed 2 percent. . ....oouveueee-.
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Series 57. (Nov., 1905.) (vi, 140.)

The mice were fed as below for 7 days.

[Moze In mpm_ per gm, moise.]
Diet. Change in welght (average).
e, e e e AP s ment . s s
b Hluitur,v Yody, Ol 00 2 i S il Inﬁreasad 15 per cent. . e

Series 58. (Nov., 1806.) (vi, 171.)

The mice were fed as below for 10 days.
[Dose in mgm. per gm. mouse,]

Diet. li‘,‘-‘hn.nge in we!ghl {average).
I e Decrensed 1 I
B PraneR e o e e e ]uﬂm&@dﬂgﬂmﬂt ...................
¢. Tartarle acid, [ ET o [ i e Decrensed 17y percenb. . ....o..oooo. -

——

Series 59. (Feb., 1906.) (vi, 158.)

The mice were fed as below for 13 days.
[Dose in mgm. per gm. mouse.|]

Diet. Change In weight (average).
e L s s s e s s T Imremedzpermnt___.______,
b. Suhﬂ'ﬁ:;"lﬂr gland (ox), 0.544 {desic- | Increased d pereent..........covenenns

Series 60. (Aug., 1905.) (vi, 36.)

The mice were fed as below for 13 days.
[Dosze in mgm. per gm. mouse., |

Diet, l Change in weight (average),
R e e e e et e el Sk e e e e
b, Soprarenal gland, 0144, . ... ........ Decrensed S percent.. . o ... ..l
¢, Nuelein (yenst), 0144, coviiiiennnnnnnnns | Decrensed 13 pereent. . ....o.o..o...
(e L T B e | Deereased 16 por cent. . .oovoeuenian...

Series 61. (Aug., 1905.) (v,81 and 49.)
The mice were fed as below for 29 days.

[Dose in mgm. per gm, mouse,]

Diet. Change in weight (average).
2 R B e e e e o e Inerensed 7 B e e e
b, Oats in 0.2 percent hydrochlorieacid ....| Decrensed 0 pereent. .. ... ..........
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Series 67. (Jan., 1908.) (x,74.)

The mice were fed as below for 10 days.

[Dose in mgm. per gimn. motse, )

Diet. Change in weight (average). Recovered. | Died.
AR v o ool L L e P AR b e o e et e 0.70 0.
BoBotax, OUB-Fd . .o on. e T Decreased 7T percent. . ...o..ovvevaaas SR o

P T D e R e Decreased 4 percent. .. ............... .53

Series 68. (Sept., 1905.) (vi, 29.)
The mice were fed as below for 18 days.

[Dose i mgm. per gni. mouse.)

[Hiet. Change in weight (average). | Recoverad. DIHI_
LT S e g s et aAs s S sn S no Docreased 8 pereent. ... ... 0.3 03
b. Copper acetate, 0.00564+4.......ocivininns Drotreasitd 7 P00 ank. . . coacenicund ol a|ommenn s naisinn :

Series 69. (Dec., 1905, (vi, 80.)

The mice were fed as below for 10 days.

[[Dose in mgm. per gm. mouse. |

Diet. Change in weight {average). | Recovered. | Died.
i |
| ;
o e e e e Decreased 13 percent. .. .oovvvnvneien. 0. 35 ih. 40
T T B LN T e e e Decreased § per ¢enb. .. vovverevnrennn. .50 !
FrEL By AL e e S B Decreased 30 pereent. . o.ooooiiooiinn .75 . &
A R T B o e s SR e e Decreased 23 perecent. .. ....oovianen. 2.00 3.0

e

Several mice of groups ¢ and d were placed upon plain cakes; thers
as still an increased resistance to acetonitril three weeks later.

Series 70. (Nov., 1907.) (x, 78.)

A few c. ¢. of blood were obtained from a woman who had die
after an operation for exophthalmic goitre; there was only enougl
for experiments upon two mice. Control experiments were ms
with normal human and rabbit blood.

The mice were fed as below for 11 days.

[Droze in mgm. per gm. mouse. |

Diet. Change in weight (average). Recovered. | Die
T B o T e e e R e Decreased 2 percent. .. ... .. .. oo.... e ,5-_--
b. Rabbit blood, 0.5 c.e4-4..c. .. ... .. Decreased 2 percent. . ... ....... 0. 25 E
. Normal human blood, 0.5 ¢, .44, ... Decreased d percent. ... oveennnnn 26

d. Exophthalmic goitre blood 0.5 . ¢.+4 ... Decreased 3 j g ) PR RN R 5
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Series 71. (May, 1908.) (x, 184.)

A small amount of blood was obtained from a mild case of exoph-
palmic goitre and fed as below for 9 days.

{Dose in mpgm, per gm, mouse. |

Diet. Change in welght (average). lnﬁ:uvamd. Diled.

|

o |ERERT 2 |1 |
BRKAE. . .. vussinseiainasanarnnssnnnnnnnes Decreased | pereent. .. .o.ouuaneeanons 0. 25 0..30
Exophthalmie goltre blood, 1c.c.4+4.. .| Decreased Spereent......covvvneennes L a3
MNormal human blood, 1 ¢, c.-k4..........| Decreasad 12 percent. ......ooonne.ens . 33 . 35

Series 72. (June, 1907.) (vii, 34.)

The “‘exophthalmic goitre blood” of this and the next series was
tained at autopsy from a well-marked case of this disease. The

Fults of these experiments have been described in more detail
sewhere.”

The mice were fed as below for 10 days.

[Dose in mpm. per gm. mouse.)

Diet, Change in welght {average). Recovered. | Died.
51 R Increased 3.5 peroent.......cccvavmvss 0 38 0. .30
Human blood (placenta), 1 . e.44....... Increased 56 percent. .....ceeveeanan- .37 .40
Exophthalmic goltre blood, 1 ¢. e.+4.....| Decreased 2.3 per cent................. LT .75

Series 73. (June, 1807.) (vii, 67.)

The mice were fed as below for 11 days.
[Tho=e in mgm. per gm. mouse.)

: |
Diet. 'i Changs in weight (average). Recovered.| DMed.

|
AR ..o oiieiinsrnnnsnnsnonnnnnnnnste] Decreased 6.2 percent:...coroensansa-- 0. 31 0 az
Exophthalmic goitre blood, 1 ¢. e.+4.....| Decreased 4.9 percent.............ouen A .48

Series 74. (Jan., 1907.) (vii, 174.)

Two guinea pigs were fed for 5 days in succession 0.6 gm. desic-
ted thyroid; they were then bled to death and their blood used for
following experiments. Although these guinea pigs were deeply
toxicated with the thyroid, their blood gave no physiological test
r thyroid? (That blood does not interfere with the physiological
t for thyroid is shown by experiments in which small amounts
.1 mgm., for example) of thyroid were added to blood and fed to
ice; the latter showed a markedly increased resistance to aceto-
itrile).
aThe Probable Demonstration of Thyroid Secretion in the Blood in Exophthalmic
itre, Journ. Amer. Med. Assoc., 1907, 49, p. 240.

b The possible bearing of this upon the relation of hyperthyroidism to exophthalmic
itre was discussed in the paper referred to above.

46496°—Bull. 69—10—4
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The mice were fed as below for 12 days.

[Dose in mgm. per gm. monse.]

Change in weight (average).

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

a. Cakes
b Bl:nm:] {driad) Irum thyrodd-fed guinea
€ Hnrmal gllﬁmm pig blood (dried), 0.3 gm.

Decreased 5.2 parcent.................

s

Series 75.

Increased 4l porcent. .. o ocoo.oooan.
Increased 5 per cent...

B

(July, 19805.) (vi, 48.)

The mice were fed as below for 7 days.

[Dose in mgm. par gm. motise. ]

Driat. Change in weight (average).
a. Cakes. . dr Ty Decreasod Sdparcent. ... ... .. .....
b, Paplum ......................... Decreased 1006 pareent.......coocvvees
€. Sheaps' h]wd I:uiﬂer.l}. B0 T T S Decreased 1T pereent. . ..ovnvenneaes
d. Thyreoldectine 0244, .. .. ... ... Decreased T.5percent. ... .._._._._...

a Bop New and Non-official Remediaz, 1910, p. 52

Series 76.

(June, 1905.) (v, 128.)

The mice were fed as below for 12 days.

[Droze In mgm. per gm. mouse. ]

Change in weight (average).

b. Thgrmldnctdn L S e

Inereased 0.6 per cent, .. oooomeeoann.
Decreased 137 pereent. ... ...........

Series 77.

(Jan., 1807.) (vii, 193.)

The mice were fed as below for 10 days.

[Dose in mgm. par gm. moise.)

Diet. Change in weight (average).
I e Ry T O e Incronsed 8.1 percant. .....coveveeanan
b, Mormal horse serum (dry), 0344, ....... Increased 10 peroemt. ..oveeeenennnnnnn
o T e e Increased 24 PETOBDE. . .ouvnenneeeanns S

d. Antidiphtheritic serum (dry), 0.3+44.....

Increased 10 parcent. .. ccovccecae.
Decreased 2.4 per cent....

Series 7T8.

(July, 1905.) (vi, 34.)

The mice were fed as below for 12 days.

[Doss in mgm. per gm. mounss, |

Diet. Change in welght {average).
. Cakes. o e S 0 ey AT S
b, Peptone, 0344, .......cc..ooveenennnn..| Docreased 22 POroaNt. . . .ovnunenann
c. Thyreoidectin, 0.3+4.....................| Decreased 19 Per cont. . ..........oo.o.
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Series 79. (Feb., 1810.) (xii, 16.)

Many of the above experiments having shown that several fats and
s increase the susceptibility of mice to acetonitrile, the following
periments were made with corn meal from which the oil had been
racted by ether.

The mice were fed as below for about 7 weeks.

[Dose in mgny. per gm. mouse, |

Driet. Change in weight (average). l Recovered.| Died.
AR e oo e e e Increased 15.8¢ per cent (from 11.91 to 13.8 gms.)....| 1.40 1.50
tracted corn meal.........- Increased 9.02 per cent (from 11.41 to 1244 gms.). .. : 2, .10

Thus the resistance of the mice which had received the fat-free corn
1eal was distinetly greater than that of those which had received the
at-containing meal.

SUMMARY OF ABOVE RESULTS.

| Tn many cases the experiments of the above series were not suffi-
ently numerous to permit of definite conclusions being drawn.
fhere was also no constant standard of comparison, but it is not
lifficult in most cases to determine, in a eeneral way, whether the
Bsistance of mice to acetonitrile caused by a certain diet should be
llassed as ““high,” or “low,” or “‘medium.”

| Cakes.—A larger number of experiments were performed with
ikes than with any other single diet. An examination of the above
ables shows clearly that the resistance of mice which had received an
xelusive diet of cakes should be classed as ‘‘medium;” the fatal dose
aried from about 0.22 mgm. to about 0.64 mgm. per gm. mouse.
he most important factor in this variation is undoubtedly the season.
his is clearly shown by the following table, which giv-:—:-s the average
aital dose for several mnnthﬁ the f&tal dose for mice which had
sceived a diet of bread ® and oats is given for comparison.

|
. Bread || » Bread
Cakes. | 4nd oats. if Cakes. | and oats.
R Y ! 0.64 0.56 || July.. i FNE R ey e 0.25 .31
LT e R S T : .35 Au;:us ....................... 4
.' A e R et .38 Boptember. . c.:ovoinnnnnaans 24 25
................................... - | October. 2T .38
........................... 25 .El:l-| Movemnber. . .........o.i....e. Al .45
......................... .33 lecember. . .52 55

Inasmuch as in many cases the diet of cakes was continued for but
. short period and the mice had received previously various other

‘aThe bread used in all of the experiments was of the brand described as ““8;" it
Iways caused a relatively low degree of resistance.
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diets, it is not improbable that the latter had in certain cases exe
an influence upon the effects of the former.

Oats and oatmeal—Mice kept on a diet of oats and oatmeal were
usually very resistant to acetonitrile; in most series of experiments
they were more resistant than the mice upon any other diet. The
length of time during which they received this diet was a very impor
tant factor in the degree of resistance attained; when transferre
from a mixed diet to one of oats the increased resistance came sluw
and, on the other hand, when mice which had become resistant on &
diet of oats were pla,ned on other diets the resistance disappeare
slowly (cf. series 13).

With diets of barley, rye, and wheat the resistance was less (in the
order named) than that with oats; hempseed also led to a low deg
of resistance as compared with oats; thus in series 20 the fatal -:I
of acetonitrile was twice as large for the oats-fed as for the hempseed
fed mice. The effect of maize will be discussed later.

Bread.—Some of the most remarkable results obtained were Wi |
bread. The bread was obtained from two sources designated ““C"an
““S," respectively. In both cases it was sold as ordinary white Wh'B
bread; the dealer supplying it considered the one the equivalent of
the ﬂther. Yet mice receiving an exclusive diet of ““C"" were
riably much more (as much as four times as) resisiant to acetonitrile
than were those fed upon ““S.” This difference may have been due
to the two brands containing different percentages of fat, or sugar, or
milk, or salt, or to the kind of flour used, or to some special treatmen
of the latter.®

Whatever the explanation, it is evident that for careful dietary
studies the exact composition of the bread should be known; it alse
seems desirable for the words ““white wheat bread” to mean some-
thing more definite than they do at present. It is not entirel
improbable that in certain cases of sickness different kinds of bread
would have different effects analogous to those found in experiments
on lower animals. ,

Maize.—An exclusive diet of corn meal usually caused a loss of
weight and generally a high degree of resistance to acetonitrile. Go '_;
starch added to cakes (1 or 2 to 2) caused a marked loss of weight ¢
a low degree of resistance.

Milk.—An exclusive diet of milk led to a low degree of resmt-tm
this was true both of raw and boiled milk. In two cases the resist
ance was less with the raw, in one with the boiled milk. In the lat
case there had been a much more rapid increase in weight with the
boiled than with raw milk. Series 13 shows how marked and ra id

@ Doctor Hale found samples of the bread used to each contain ‘‘nitrite-res -'-:f?'-"
material " equivalent to about 0.3 per 1,000,000 sodium nitrite.
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ay be the lowering of resistance when mice are transferred from
Lriuua diets to one of milk,

Milk added to oatmeal or corn meal led to a lower degree of resist-
nee (with two exceptions) than did these alone; boiled milk seemed
pore effective than did raw milk. There was a greater increase in
eight on the combined diet than on either alone. In two series
|4 and 15) the resistance of mice was greater upon a diet of oatmeal
nd boiled milk than upon a diet of oatmeal alone.

A combined diet of bread and milk did not have an effect different
nm that of bread alone.

‘ These results show how many factors are involved and what great
ariations in the resistance are caused by comparatively slight
hanges in the diet. The fact that mice are so very sensitive to
ch changes, however, increases the probability that this method
ay at least suggest promising lines of investigation. Thus the
t that at times boiled milk leads to a diminished resistance may
» found to be due to a change in the sulphur content of such milk
to the sulphur compounds having undergone some change during
e heating. It is well known that traces of sulphur are expelled from
ilk on boiling and it will be shown later that sulphur in some forms
combination is wvery effective in protecting animals against
petonitrile whereas in other forms it is inert in this regard. Differ-
hces in sulphur content or changes in its form of combination too
nall to be clearly detected by ordinary chemical means might be
us detected physiologically; and if a certain form of sulphur is an
aportant factor in the resistance of animals to acetonitrile it is
obable that it is important in relation to growth or resistance to
ther forms of intoxication. The fact that boiled milk, as compared
tith raw milk, does not invariably cause a diminished resistance may
s due to there being compensating factors involved. Thus it is
tated that boiling leads to a partial decomposition of the lecithin
pntained in milk. There are reasons for believing that lecithin,
ither directly or indirectly, causes an increased susceptibility in mice
b acetonitrile. If such a decomposition occurred it might offset
ither effects of heat. However, the only value these results have at
resent is that they are suggestive of new lines of work.

Cheese led to a distinetly low degree of resistance whether (as in
sries 17) there was an increase in the weight of the mice or (as in
aries 31) a marked decrease.

Casein fed in cakes in large amounts distinctly lowered the resist-
nce as compared with cakes,

Ham.—An exclusive diet of lean ham caused a low degree of
psistance in the single experiment in which it was fed alone (17).
L mixture of ham and cheese had a similar effect; this was true
Fhether there had been a decrease or an increase in the weight of
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the mice. The experiments of series 28, 29, and 30 afford some
rather striking illustrations of how the resistance of mice could be
varied by changing from a diet of rice (which causes a high degree of
resistance) to one of ham and cheese and vice versa.

Beef —A diet of lean dried beef led to a marked inerease in the
resistance to acetonitrile; the addition of aleohol to the beef led ta
the opposite result, i. e., it lowered the resistance by about one-half
The beef caused an increase in weight; beef and alcohol caused &
decrease. This is another illustration of the frequent independence
of change in weight and changes in susceptibility.  Witte's peptone
added to cakes increased the susceptibility very distinetly. Liebig's
Faxtract added to cakes had no distinet effect in the single experiment
in which this was tested. Gelatin increased the resistance in twe
cases.

Liver.—An exclusive diet of liver led to a very great increase in the
resistance to acetonitrile; this was greater than was the case with
any other article of food (series 17). The addition of comparatively
small amounts of dried liver to cakes (0.2 gm. to 4 gms. cakes) also
increased the resistance as compared with cakes alone. Egg yoll
diminished the resistance to acetonitrile; this effect was largely coun-
teracted by the addition of liver. The diet of ege yolk and liver
caused a marked increase in weight, whereas that of liver alone has,
as a rule, but a slight effect. Carcinoma of the liver caused in one
case a marked increase in resistance. Purified ox gall (U. S. P.)
added to cakes (0.2 gm. to 4 gms.) caused a marked loss of weight
and a slight inerease in resistance. Taurin (0.3 4+4) caused a slight
loss of weight and a slight increase in resistance. _

Kidney.—An exclusive diet of kidney led to an increase in weight
and a marked inerease in resistance. The addition of a small
amount of dried kidney (0.2 gm. to 4 gms. cakes) caused a slight
increase as compared with a diet of cakes alone.

Brain.—Mice died in a few days upon an exclusive diet of brain.
When fed with oatmeal (equal parts by weight) the resistance was
less than when oatmeal alone was fed; there was a greater increase
in weight in the former case. When dessicated brain was added to
cakes (0.3 gm. to 4 gms.) there was a greater increase in weight and &
greater degree of resistance than when cakes alone were fed.

Egg.— Egg yolk: caused a very great diminution of resistance and @
marked increase in weight in series 17 and 18; the entire egg had am
equally great effect in series 18. Young mice were used in both of
these series. With somewhat older mice there was a less marked
increase in weight and a rather high degree of resistance. A diet of
equal parts of egg yolk and liver caused a marked inerease in weight
and a degree of resistance intermediate between that caused by liver
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ilone and egg volk alone; it was nearer the latter than the former.
ice died in a very few days from an exclusive diet of egg white.
A\dded to bread and liver in equal parts, it diminished the resistance as
ompared with bread or liver alone; in one case, when added to oat-
meal, it seemed to increase the resistance as compared with oatmeal.
Olive 0il.—Olive oil added to a diet of bread or of oats invariably
aused a marked loss of weight and a diminution of resistance; the
sffect was more marked with bread than with oats, i. e., the latter
seemned to counteract to some extent the effect of the oil.  Cotton-seed
and corn oil caused a still greater loss of weight and an equally
rreat diminution of resistance. Cod-liver oil caused a less marked
oss of weight and a less marked diminution of resistance. Lard had
b similar effect. Glycerin caused a slight loss of weight and a slightly
liminished resistance.
Dezxtrose.—Dextrose added to a diet of cakes or of oats caused an
increased resistance; this developed rather slowly. It frequently
taused an increase in weight, especially when fed with oats.
Rice invariably caused a marked loss of weight and a marked
1crease in resistance. In several experiments rice-fed mice which
had recovered from a large dose of the nitrile were placed upon a diet
f ham and cheese; their weight rapidly increased and they were
also less resistant to the nitrile. Partial inanition may be in part
esponsible for the high degree of resistance, but corn starch added to
bak d ol f weight but lowered resistance.
es caused a loss of weig owered r
‘ Potatoes.—An exclusive diet of potatoes caused in the only experi-
ment with it a loss of weight but a very high degree of resistance.
Beans (“‘navy,” boiled) caused in one experiment a very slight loss
bf weight and comparatively low degree of resistance; an exclusive
diet of peanuts in the same series caused a somewhat greater loss of
weight and a high degree of resistance.
Tamarinds and tartaric acid added to cakes in small amounts
increased the resistance somewhat; in one case the tartaric acid
aused a marked loss of weight and a very considerable increase in
esistance. Prunes in one experiment had no effect. Hydrochlorie
cid (0.2 per cent on oats) caused in two cases a loss of weight and
nereased resistance.
| Blood.—Normal human and rabbit blood (fresh) increased the
resistance slightly; dried sheep blood diminished it slightly. Thy-
ireoidectin (the dried blood of sheep from which the thyroids had been
removed) in two cases diminished the resistance; in one case the dimi-
mution was marked. Normal horse serum and antidiphtheritic and
lantitetanic sera had no distinet effect in the few experiments in which
they were tried. Of more interest are the experiments in which the
slood from cases of exophthalmic goiter was fed. In two series such
blood (from a severe case) caused a marked degree of resistance; in
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another series with blood from a mild case the effect was not greater
than with normal human blood. 1

Prostate (desiccated) added in small amounts (0.05-0.3 to 4 gms.)
caused a marked increase in the resistance; ¢ testes had a similar effect;
ovaries also had a similar but less marked effect; mammary gland also
increased the resistance markedly. Thymus and submazillary had no
distinet effect. Pituitary suprarenal and spleen each in one case
seemed to diminish the resistance; parathyroid in the three cases in
which it was fed distinctly diminished the resistance. Placenta and
wmbilical cord had no effect; guinea pig embryos seemed, in one
experiment, to slightly diminish the resistance. Pancreatin and
pepsin seemed to increase the resistance. Yeast (0.3 to 4 gms.
cakes) caused a marked inerease in weight and a slightly diminished
resistance.

Sulphur even in small amounts invariably caused a marked increase
in resistance.© Cystin caused a distinet but not very marked increase
in the resistance; the effect of faurin was still less. %ﬁsme in two
cases caused an increased resistance without change in weight,
Sodium salicylate, sodium benzoate, and ammonium acetate each in
one case increased the resistance slightly.

DISCTSSION.

The above experiments show that mice fed upon articles of food
such as enter largely into the daily diet of man vary greatly in their
resistance to a definite poison. In extreme cases mice after having
been fed upon certain diets may recover from forty times the dose of
acetonitrile fatal to mice kept upon other diets. It is, moreover,
possible to alter the resistance of these animals at will and to over-
come the effects of one diet by combining it with another. In some
cases the changes may be brought about in a very short time, in others
they are produced more slowly. Many questions are suggested by
these results; an answer can be given to but a very few of them.

Does the diet influence the resistance to hydrocyanic acid?
increased resistance to acetonitrile caused by certain diets could be

a The effect of prostate upon the resistance of mice to acetonitrile is the same as, but
much less marked than, that of thyroid. Prostate increases the susceptibility of rs
and guinea pigs to this poison; having the same effect upon these animals as thyroid.

bSeveral clinicians have called attention to a relation between the thyroid and
mammary glands. Thus Sainton and Fernet (Progrés Médical, 1908, p. 2?9} state that
the latter are often found hypertrophied in myxcedema and atrophied in vae B
disease; Afert (Sem. méd., 1908, p. 71) and others report myxedema as oce :
after removal of the breasts,

¢Sulphur likewise increases the resistance of rats and guinea pigs to acetonitrile,
the effect being due to the neutralization, through the formation of sulphocyanic aecid,
of the hydrocyanic acid formed from the nitrile.
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ttributed to one of two factors, (1) an inecreased resistance to the
jrdmnyﬂ,nic acid liberated from the nitrile, or (2) a diminished forma-
ion of hydroeyanic acid. Some evidence for the second supposition
ill be presented later; the following experiments indicate that some
f the diets which cause an increased resistance to acetonitrile do not
ause a similar increased resistance to hydroeyanic acid. Experi-
ents (series 8) have already been cited to show that a restricted diet
oes not cause an increased resistance to another eyanogen compound
nitroprussiate of soda).
It was shown above that a diet of ham and cheese diminishes the
sistance of mice to acetonitrile, whereas a diet of rice increases such
resistance. The following experiments show that a similar relation
loes not hold as regards hydroeyanic acid.

Series 80. (May, 1905.) (v, 190.)
A. HAM AND CHEESE.

Waight
Date. | T cight Remarks.
1805. Frams.
| 3 23,21 | Diet of ham and cheess bagan.
12 22 52
19 2. 45

23.15 | Hydrocyanic acid, 0.0685 mgm., {. e., 0.003 mgm. per gm. mouse; survived.
5 17. 41 | Diet of ham and cheese begun.

LB 12 17.62
fay 19 16. B5
fay 20 18. 45 | Hydroeyanic acid, W05 megm., i. e, L00E2 mgm. per gm. monse; survived.
18y 26 17. 15
AR X eeeanaaacd Diet of ham and cheess begun,
une 3 14.71
une 10 14.12
une 19 15 55 | Hydroevanic acld, 0.0493 mgm., 1. a., 0.0032 mgm. per gm. mouse; survived.
iay & 14. 81 | Diet of ham and cheese beagin.
fay 12 14. 52
y 19 13. 75

24 12,25 | Hydroeyanic acid, 000420 mgm., i. a., 0.0035 mgm. per gm. mouse; died, 15 minates.

B. RICE.
M5, | Grama. . .
5 20.51 | Diet of rice begun.
12 | 18.92
19 17. 05
x 14.31 H’}'dm::}'anin acid, 0.0872 mgm., i. e., 0.0026 mgm. per gm. mouse; died, 1 hour 40
minutes
5 15.41 | Diet of rice begun.
12 12. 65
19 13.01
P ] 11.41 | Hydrocyanie acid, 0.0343 mgm., i, e, 0.003 mgm. per gm. monse; died, 1 hour.
5 15.41 | Diet of rice bepun.
12 12. 95
19 1225
26 10,71 | Hydrocyanie acid, 0.0375 mgm., [. e., 0.0035 mgm. per gm. mouse; disd, 45 minutes,

Thus the mice which had been fed upon rice were more susceptible
o hydrocyanic acid than were those which had had a diet of ham

1d cheese; i. e., the effect was just the opposite to that obtained

vith acetonitrie.
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In previous experiments I found that whereas mice to which thyroid
had been fed showed a very marked resistance to acetonitrile they
were slightly more susceptible to hydroeyanic acid and nitroprussiate
of soda.? The thyroid had caused in these experiments a loss of weight
and I am inclined to attribute the increased susceptibility to these
poisons to a lowering of ‘‘general resistance’ rather than to any
specific effect; the same probably holds true for the increased
susceptibility to hydrocyanic acid which the mice which had been
on a rice diet showed in these experiments.

These experiments afford support to the view that the protective
action of a rice diet depends upon its preventing, in some way, the
diberation of hydrocyanic acid from acetonitrile and not upon its
exerting a favorable influence upon the neutralization of hydrocyanie
acid; for in the latter case it would be expected that such a diet would
reduce the susceptibility of mice to hydroeyanic acid itself, which is
not the case.

Relation of changes of weight and rate of growth to resistance to
acetonitrile—It was shown in Part I that a restricted diet, which is
accompanied by a marked loss of weight, increases the resistance of
mice (and guinea pigs) to acetonitrile and the question was raised
whether a marked loss of weight caused by other agencies might not
be associated, causally, with an inereased resistance to this poison. I
also seemed probable, on theoretical grounds, that a diet which caused
rapid growth and an inerease in weight would, as a result of the
increased metabolic activities, cause a more rapid decomposition of
the acetonitrile molecule with a corresponding increase in the amount
of hydroeyanic acid produced; hence mice (and other animals) receiv-
ing such a diet would be expected to be more susceptible to aceto-
nitrile than those receiving diets which did not cause such a rapid
growth. Several of the above experiments appear, at first sight, to
support such a hypothesis. Thus the effect of an exclusive diet of
rice was strikingly similar to that of a very restricted diet; there was
a marked loss of weight and a high degree of resistance. When the
rice diet was followed by one of ham and cheese there was, as a rule,
an increase in weight and a marked diminution of the resistance to
acetonitrile. In many other cases also the highest resistance occurred
with the diets which ecaused but slight increases in weight and the
lowest resistance with diets which caused the most rapid growth.
The latter was especially marked in the case of a diet of eggs; the
latter sometimes caused an increase of 40 per cent in weight in the
course of a few weeks and the development of a very great suseep
bility to acetonitrile. In certain cases in which the growth of the
mice on this diet had been less marked, the susceptibility to the

a Jour. Biolog. Chem., 1905, i, p. 33.
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pison was also less. Moreover, the more rapid growth caused by
dding milk to oatmeal or corn meal was usually accompanied by an
acreased susceptibility as compared with the resistance caused by
he oatmeal or corn meal elone. In two of the longer series of experi-
pents described above (17 and 18) there was a close parallelism
etween the degree of susceptibility and the rate of growth; in
nother series (13), however, there seemed to be no relation between
he two.®

On the other hand, there were many cases in which a loss of weight
ras not accompanied by an increase in resistance and others in
hich it was accompanied by a distinetly inereased susceptibility.
[he latter was invariably the case, for example, when oils or fats
were added to the diet. There were also many cases in which there
as a rapid growth accompanied by an increased resistance. Thus
dlthough the addition of milk to oatmeal or corn meal increased the
swih and lowered the resistance as compared with the effects of
batmeal or corn meal alone, it increased both the rate of growth and
esistance as compared with an exclusive diet of milk. Similarly in
eries 18 a combination of egg yolk and liver led to as rapid a growth
s did a diet of egg yolk alone, but the fatal dose of acetonitrile was
three times as great in the former as in the latter case.
Notwithstanding these facts, I believe that in some cases there is
b close, although perhaps indirect, relation between the influence of a
iet upon growth and resistance to acetonitrile; this will be discussed
n connection with the effect of diets upon the activity of the thyroid.
Relation to fats, proteins, and carbohydrates.—In order to determine
hether there is a definite relation between resistance to acetonitrile
hnd the proportion of fat, protein, and carbohydrates much greater
ttention to the composition of the diets would be necessary than was
riven to it in these experiments; the latter do, however, suggest cer-
ain general conclusions. Thus fats (lard, olive, cotion seed, corn, and
bod liver oils) always led to a low degree of resistance; this was also the
base in experiments upon rats. The effect of oil in corn meal is shown
by the experiments in which extracted and unextracted meal was fed
lo mice; the latter caused a lower resistance than did the former.
I'he low degree of resistance caused in mice by diets of milk, eggs,
hnd cheese may also be connected in part with the large fat content
bf these diets: the same may also be true, to a less extent, for “cakes”
vhich contain considerable (about 8 per cent) of fat.

Rice, which is very poor in fat, caused a high degree of resistance,
but so did oats and oatmeal which are fairly rich in fats. Wheat and
host kinds of wheat bread contain but little fat, but as a rule they
Fause a low degree of resistance.

| a Series 17 and 18 were performed in the summer, series 13 in the winter; whether
sason has an influence remains to be determined.
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Dextrose increased the resistance of mice to acetonitrile.* Thus
fats and at least some carbohydrates have opposite effects, thereby
affording another illustration of the nonequivalence, in certain
respects, of these food stufls.”

Certain proteins (casein, peptones, and egg albumin) added trl'.'l
other foods lowered the resistance.

Before leaving this subject attention may be called to a parallelism
between the effects of various foods upon the resistance of mice to
acetonitrile and their efficiency in maintaining nitrogen equilibrium,
Rubner ¢ arranged a number of foods as follows with reference to the
amount of protein in the food necessary to maintain nitrogen equi=
librium and to yield 3,600 ealories: Potatoes? rice, maize, white
bread, black bread, mother’s milk, cow’s milk, peas, eggs, meat. !

Arranging the foods of the above experiments (Series 17 with the
pruhab]e place of others in parentheses) in the order of their efficiency
in protecting mice against acetonitrile, the following is obtained:
Potatoes, (maize), (rice), (rye), bread {S], ham (lean), milk, eggs.

These diets stimulated growth in almost the reverse order.

It may be that this parallelism is only accidental, but it is sugges-
tive of a deeper significance.

Sulphur, free and in certain forms of combination, increases the
resistance of mice (and other animals) to acetonitrile; the question
whether some of the results obtained in these experiments are due
to this element in special forms of combination must be left to further

a In this connection brief mention may be made of a series of experiments performe 1
several years ago to determine whether dextrose and other carbohydrates exert a pro-
tective action against acetone, the problem being suggested by the well-known clinical
observations that in many cases of severe diabetes the acetone excretion is diminished
and the symptoms improved by the administration of small amounts of carhnh}rdmtm
The experiments were performed upon rabbits and guinea pigs. The resulis were
somewhat irregular, but they showed clearly that whereas rabbita died in from 3 to 5
days from daily doses of 3.8 to 4.1 gm. acetone per kilo weight, they lived for from 6 to
22 days when large doses of dextrose, cane, or milk sugar were administered with th
acetone, The results were sufficiently striking to lead me to suggest that the admin-
istration of dextrose before chloroform ansesthesia might diminish the acetone excre-
tion which usually follows such anwsesthesia; the observations performed on this &
gestion gave negative results. Beddard (Lancet, 1908, I, p. 782) has recently made a
similar suggestion (from an entirely different standpoint, however) and at least on
case has been reported (Weir, Lancet, 1909, II, p. 710) in which the administration
of dextrose to a patient suffering from delayed chloroform poisoning seemed to have
had a remarkably favorable effect. 1 also found rabbits to withstand elightly larger
doses of ethyl alcohol and for longer periods when dextrose was administered simul-
taneously.

b (f., for example, Cathcart, Jour. of Physiol., 1909, 39, p. 311; Shaffer and l}ul o
man, ;'chh of Internal Med., 1909, 4, p. 543. '

¢ Rubner, Vn]kuemnhrunga[mgen 19!]3 p. 19

dThe potatoes contained 42 gm. protein, the rice 69 gms., the bread 85 gms., ete.
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studies. That sulphur can not be the determining factor in many
hases, however, is shown by the fact that the same diet often affects
mice on the one hand and rats and guinea pigs on the other in oppo-
bite ways, whereas sulphur has the same effect in all three cases.

The methods described in this paper will probably prove useful in
investigating some of the physiological problems of sulphur metabo-
ism and in throwing light upon the forms of combination in which
his element oceurs in foods and the effect upon them of cooking, ete.
Relation of diet to the thyroid.—In addition to the various possible
pxplanations enumerated above of the effects of different diets upon
the resistance of animals to acetonitrile there remains to be consid-
pred the possibility that some of the diets influence the resistance by
pxerting an influence primarily upon the thyroid, which in turn influ-
pnces other organs. I have reported elsewhere experiments which
khow that the changes in the resistance of animals to acetonitrile
faused by the administration of iodine compounds is due, at least
Jargely, to the effect of the iodine upon the thyroid, and it is gener-
plly accepted in clinical medicine that some of the effects frequently
palled “iodism” should more properly be called ““ thyroidism.”® The
scognition of this fact has led to experiments in exophthalmic goiter
with food free from or very poor in iodine.

The question at once arose if the marked resistance to acetonitrile
aused by certain diets might not be attributed to the effects of the
odine, which, as is well known, is contained to some extent in most
articles of food.? This question has not been thoroughly examined,
but there are several reasons for supposing that this factor is compara-
kively unimportant. Thus the effect produced by certain diets was
bften far greater than the maximum effect obtainable with very
Jarge amounts of iodine (cf., for example, the experiments in Series
81 below). There was, moreover, no parallelism between the degree
of change in resistance and the amount of iodine reported to be pres-
ent in the food. Thus, as has been shown above, both the yolk of
poe and milk cause a very marked diminution in the resistance of
mice to acetonitrile; yet the former is comparatively rich in iodine,
ontaining, according to some analyses, nearly thirty times as much
odine as the latter. Oats and oatmeal, on the contrary, ordinarily
pontain an unusually small amount of iodine, but they cause a high
egree of resistance.

These considerations directed my attention to another possibility,
iz, that perhaps some of the diets contained substances especially

aCi. Heubner, Therap. Monatshefte, October, 1909,
b Bourcet, De l'iode dans l'organisme, Thé&e Paris, 1900; Monéry, Recherches
nouvelles sur le fonction iodée de la glande thyroide, Thése, Lyon, 1903; Dochesz,

Johns Hopkins Hospital Bull., 1908, 19, p. 235.
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adapted to building up the iodine free ® part of the thyroid or stimu-
lating in some way its growth; it is known front earlier experiments
that such thyroid has a certain degree of physiological activity.

This was also suggested by the fact that I had found great differ-
ences between different groups of mice in the manner in which they
reacted to the administration of iodine compounds; some groups of
mice showed a greatly increased resistance to acetonitrile after the
administration of potassium iodide or certain other iodine compounds,
whereas other groups showed a much less or even no increased resist-
ance after equal or larger doses of the same compound. There was,
moreover, little relation between the amount of iodine fed and the
degree of increased resistance attained. These facts suggested that
the thyroid often varies in its ability to take up iodine or to make an
active compound of it and that this is governed to some extent, at
least, by the diet.

An examination of the literature showed that there is considerable
evidence that the thyroids of both man and the lower animals vary
much in different individuals in their ability to take up iodine. As
is well known the administration of iodine compounds usually leads
to an increase in the amount of iodine in the thyroid, but several
. writers have called attention to exceptions to this rule. Thus Neu-
meister * found no iodine in the thyroids of rabbits to which large
doses of potassium iodide had been given daily for 14 days. Oswald ¢
Monéry,4 and Jolin ¢ report cases in man in which large doses of
potassium iodide administered shortly before death had not led to an
increased amount of iodine in the thyroid; in some of these cases,
however, the thyroids were probably very abnormal. Doctor Seidell
and I also found that dogs varied much as to the amount of iodine
their thyroids took up after the administration of iodoform and potas-
sium iodide. Marine and Lenhart / have also found the thyroid
vary in its ability to take up iodine.¢

@ By “iodine free thyroid” is meant here, as in an earlier publication (Bulletin 47
of the Hygienic Laboratory), thyroid which does not give even a qualitative test for
iodine when 1 gm. of the sample is examined by the Baumann method. It is of course
possible, or even probable, that such thyroid contains minute amounts of iodine, and
it is possible that these are responsible for the physiological activity of such thyroid.
The important point, however, is that such “‘iodine-free” or iodine-poor thyroid has
but a low degree of physiological activity and that this is usually very greatly increased
when iodine is administered to an animal.

b Neumeister, Lehrb. d. physiolog. Chemie, 2nd ed., 1897, p. 522.

¢ Oswald, Zeitschr. f. physiol. Chemie, 1897, 23, p. 298. '

d Monéry, Recherches nouvelles sur la fonction iodée de la glande thyroide, Thise,
Lyon, 1903, p. 105.

€ Jolin, Festschrift O. Hammarsten, 1906, p. 46.

f Marine and Lenhart, Archives of Internal Medicine, 1908, 4, p. 253.

¢ The contradictory results of the experiments upon the effect of iodine upon metab-
olism are probahly due to a considerable extent to the thyroid gland reacting differ
ently in different individuals.
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These differences may not, however, depend entirely upon the
nount. of iodine—poor thyreoglobulin although in certain cases of
roitre this is apparently the chief factor. Some agency (a ferment,
5. g.) may be lacking which is necessary for the conversion of the
odine into a form which the thyroid can utilize.
In view of these facts I formulated the hypothesis that certain
liets have constituents useful in building up material in the thyroid,
which is able to combine with iodine, or which increase the iodine
receptors’’ of the thyroid. If this hypothesis is correct then it is to
he expected that the administration of iodine to such animals would
brdinarily lead to a still greater resistance to acetonitrile. And,
tonversely, it seemed probable that the diminished resistance to
pcetonitrile caused by certain diets (eggs and milk, for example) may
be due to these diets causing excessive demands upon the thyroid
by which certain elements of the latter may be largely exhausted.
[hus it may be assumed, as a working hypothesis, that certain diets
lead to an extensive elimination of iodine of the thyroid and a resul-
fant diminution of the resistance to acetonitrile (in mice); if this is
the case such thyroid should subsequently be able to take up iodine
n large amounts with a rapid return to the normal resistance.

The following experiments give considerable support to both of
hese hypotheses:
Ezperimental.—That the effect upon the resistance of mice to
icetonitrile of the administration of potassium iodide and some other
odine compounds differs markedly in different groups of mice accord-
ing to the diet which they have received is shown by the following
pxperiments.

Series 81. (Feb., 1908.) (x, 104.)

Groups of 15 young adult mice were placed upon the following
iets for about 8 weeks. The only liquid given was water or water
tontaining 0.2 per cent potassium iodide.

[Irose in mgm. per gm. mouse.]

| Fatal :h_'ns.rjlulamlu-
[ nitrile.
Weight |
DiEt-r (average), |————— | —
Recovered. | Died.
(Framas, i
i. Bread (8)and water.,....cooneenan i e 1.7 0. 65 0. 70
I Bread and 0.2 per cent potassiom jodide. .. ... oo oeeoi oL 15.3 13 ST
R e A e T L e e 20.15 1. 60 1. 70
i Oatmeal and 0.2 per cent polassiuvm jodide. .. .. .cociiiiiiiian 4 18. 06 2.20 2,00
1

In these experiments not only was the resistance of mice fed upon
b diet of oatmeal much greater than that of mice fed upon bread but
he administration of potassium iodide with the latter diet led to but a
light increase in the resistance, whereas the effect in the case of the
batmeal-fed mice was marked.

Similar results were obtained in the following series.
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Series 82. (Apr., 1010.) (xii, 42.)

Groups of young mice (10 in each group) were placed upon
following diets for about 5 weeks.

[Dose in mgm. per gm. monse.)

Fatal dose ol acetg
nitrile
Dijet. Change in weight (average).
Recovered. | I
e s, e R R P S Increa?e:d 5.51 per cent (from 12.7 to 13.4 0, 80 EI..
Ems). ]
R T e B S R P S No change (12,7 gME) e eereeseanans 2.00 2
B R e e e e Immﬂu} 44.88 per ecent (from 12.7 to 18.4 « 23 o
d. E%ﬂﬂﬂrﬂ—i—ﬂ.l per cant potassinm Iuma.?jed 44,58 per cent (from 12,7 to 18.4 .23
£ms
R O e Noe (12.65 :l .................... .18
,f Hilk&raw,andl} .1 per cent potassiom | T 13,48 per cent (from 12.6 to 14.3 L4
ZME. ).
T R e e Inmn.gfd 17.32 per cent (from 12.7 to 14.9 .30
; Z2ms. ). ]
h. Oatmeal and 0.1 per cent potassium | Increased 23.62 per cent (from 12,7 to 15.7 1.00 1.
iodide. i £ms.). 1

Thus potassium iodide administered with egg or milk did ne
increase in the least the resistance of the mice to acetonitrile; in fael
it seemed to diminish it in the case of the milk-fed mice. Oatmea
alone increased the resistance slightly; the slight effect was probabl
due to the short duration of the feeding. The administration of
potassium iodide with the oatmeal inereased the resistance ver
decidedly; the result was in sharp contrast with that obtained b
feeding the iodide with egg or milk.® :

@ The survivors of groups a, ¢, d, ¢, f, g, h were placed upon raw milk for about 1
days when their resistance to the nitrile was again determined. The earlier fats
doses are placed in parentheses for comparison.

[Dose in mgm. per gm. mouse.)

Fatal dose of aceto-
nitrile
FPrevious diet. Change in weight (average). HLs
Recoverad. Died.
a. Bread (8)..................| Increased 7 E-e;l::enl,{lmm 13 to 14 gms.)...... 0.10 {&Bﬂ; 0. 18 (0.
c. Ege Damaaadul j’:ﬂeelitﬂmm 15 to 13,33 gms.) . (.23 .13
d. Eﬁz ‘and potassium fodide. .| No change (15,75 £115.). . ... .ooevennnnnennnnnnes o0 (.23 .16
& Mk, oo No change (12 ls‘.i ............................. IE 19} 07
f. Milk and pur,a.sslum fodide.| No change (12. ma.]l ........................... (.14} | .10
g. Crtmmanls s e T Mo ahinige (1366 EoE.). . oo o veeeecasnnssnansnanes {.30 .15
. Dn:.ﬂl.lé:j‘n:lija.l and polassinm Dml'maeﬂ?ﬁperﬂmt-ﬂmm 13.33 to 12.33 gms. ). .&'I{l.m} B0l

The change to a milk diet caused a diminished resistance; this was least marked i
the case of the mice which had received oatmeal and potassium iodide, thus afiordin
another instance of the persistency of the increased resistance caused by this com
bination.
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Age or long-continued feeding seems to have an effect upon the
lesult of the administration of potassium iodide, as is shown by the
pllowing experiments:

Series 83. (Mar., 1808.) (x, 108.)

Groups of adult mice were fed as below for about 13 weeks:

[Dose in mgm, per gm. mouse.]

! Fatal dose of aceto-

, nitrile.
Diet B

J ! (average). . —_—
I !kuvercd.! Died.

= = - '

{Frams. |

T B ol By, e R s B e 0. 35
Eread and 0.2 per cent potassinm lodide. | e e 40
Dmmmlﬂnd“alur e 0.2 2. 10 2.30
Oatmeal and 0.2 plbl'ﬂEl:lllea:ab[mu fodide. - 21.95 2,00 2.2

The failure of the potassium iodide to increase the resistance of
roup b is probably to be explained on the absence of material in the
yroid capable of combining with the iodine. It is not so easy to
ffer an explanation of the failure of the potassium iodide to increase
e resistance of group d; possibly the long-continued diet of oatmeal
as of itself sufficient to increase the resistance to the maximum
ossible in these mice, and it is of interest to note that the fatal dose
this series was about the same as that in group d, series 81, where
e potassium iodide had undoubtedly had an effect.

That the potassium iodide administered to group d of series 83 had
effect, however, is shown by the fact that when groups ¢ and d were
laced upon a diet of bread and water the members of this group
tained their increased resistance longer than did those of group. ec.
Lus the fatal dose for these groups after an exelusive diet of bread
nd water for 20 days was as follows:

[Trose in mgm, per gin. moise.]

Weight
| (average). Recovered. | DMed.
— = e F e et s 8} L
(Frames.
(previously omoatmeal). ... ..o .iiiieiiiieeeeiieiiiiiiaa 2. 05 0. 5 1.00
{previously on oatmeal and potassium fodide). . ... ... i 0. 33 1.50 1. 60

The diet of bread was continued for 3 weeks longer and the fatal
ose again determined; the results were as follows:

[Dose in MM Per gIN. mouse.]

[
Weight | pacovered.| Died.
|

| (average).

—_— - - . — =

froms, |
previously on oatreal). . ‘ L e T I L ¢
. (previously on oatmeal and p-ntass!um mdldej ....................... | 2415 1.10 e

-16496”
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The continued high resistance of members of group d after they
had been placed upon a diet of bread is probably to be explained
by a storage of iodine during the period when they received potassium
iodide.

There was, apparently, no storage of icdine by the mice which had
originally received the diet of bread and potassium iodide, for when
these were placed upon a diet of oatmeal, although their resistance
was increased, this increase was not greater than it was in the case
of those which had received no potassium iodide. The experiments
were as follows: The mice of groups a and & (series 83) were placed
upon a diet of oatmeal and water and their resistance to acetonitrile
tested after 20 days. The results were as follows: |

[Dose in mgm. per gm. mouse. |

Weight k.
(Frams. !
g (previously on bread and waterd. ... ... oL ooiiiicaiaiii 20.11 . 50 1.
b. (previously on bread and potassiom fodide). ........... ... N <50 1.0

continued) a mouse of group a recovered from 1.2 mgm. per gm.,
showing a further increase in resistance. 4

In the following series also potassium iodide had no effect when
administered with oatmeal. The mice were adults. '

Series 84. (May, 1910.) (xii, 50.)

[[rose in mgm. per gm. moiuse.]

Fatal dose of ae
nitrile.
Diet. Change in weight (average.)

Recovered. | Died

I b |ty P R I Dwm?eﬂ 8.85 per cent (from 19.2 to 17.5 0. 10 0.11
B.h g
b. Milk and 0.1 per cent potassium fodide ngcr“ea?ed 4.14 per cent (from 19.3 to 18.5 15
ms. ).
PO 11t vt o | Sy S S P NE change (192 g108.). v ovvnrerreermnarns .70
d. Datmeal and 0.1 per cent potassium | Decreased 6.63 per cent (from 19.3 to 18.13 | .T0
fodide, gms.}. |

The difference in the resistance between the milk and the

iodide checking the diminution of the resistance caused by the milk
rather than to actual increase in the resistance,
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Series 85. (Feb., 1908.) (x, 106.)

In this series young mice were kept upon diets of bread and oat-
heal for about 8 weeks. Omne half of each group was then placed
jpon cakes and the other half upon cakes containing in each 4 gm.,
.05 gm. extract of bladderwrack (containing 0.086 per cent iodine).
After 10 days acetonitrile was injected, with the following results:

[Dose in mgm. per gm. mouse.]

Fatal dose of aceto-
nitrile.
Diet, Change in weight {(average). ST, gt
Recovered. | Died

|

3 : = s Y —_—

. Bread (original diet): | | |
Y e R R Decreasad 6.7 per cent (from 17.55 to 16.39 gms.). . ... 0.56 | (.65
(b} Bladderwrack. . | Decreased 11.6 per cent (from 15.86 to 16.47 gms. ). . L .65

. Datmeal (original dielJ I |
() Cakes.. | Decreased 6.8 per cent (from 16,79 to 15.64 gms. ). ... 1.50 | 2.5
(b) Bladderwrack. . ....| Decreased 2.4 per cent (from 17.62 to 17.19 gms.). ... 270 | 3.0

Thus the resistance of the bread-fed mice was not increased at all,
r at least but very slightly, by the administration of bladderwrack;
at of the oatmeal-fed mice was much increased (probably by at
ast 40 per cent).

The following series also shows the increased resistance to acetoni-
ile cansed by the administration of an iodine compound to oatmeal-
d mice:

Series 86. (Feb., 1908.) (x, 105.)

The mice had been fed for about 8 weeks on a diet of oatmeal and
ilk; their resistance to acetonitrile was as follows: Weight (aver-
), 23.72 gms.; recovered, 2.3; died, 2.6.

Half of the mice were placed upon “plain cakes™ and half upon
akes containing 0.05 gm. bladderwrack (with 0.086 per cent iodine)
ach; after 11 days they were again tested with acetonitrile with

e following results:
[Dose in mgm. per gm. mouse.]

Fatal does of
acetonitrile.

Diet. Welght

Recovered. | Died.

e N R R A KRNI AR e Sl T £ e ) a0, 18
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All of the above series were performed in February and March,
that is, in months when the natural resistance of mice to acetonitrile
is high. The following series was performed in June, when the
resistance is low:

Series 87. (June, 1908.) (x, 198.)

The mice of this series consisted of adults, many of which had i
the late winter or early spring been used for other purposes. 1
the 4th of April one-half (Group 4) were placed upon an exclusive
diet of bread and water, the other half (Group B) upon a diet of oats
and water. After about 8 weeks (June 2) each group was divided
into four subgroups and one subgroup placed upon each of the follow-
ing diets: (a) cakes, (b) cakes 4+ 0.05 gm. extract of bladderwrack, (e)
cakes +0.02 gm. iodoform, (d) cakes +0.02 gm. potassium iodide
About a week later the resistance of members of each group was
tested to acetonitrile; the results were as follows:

GROUP A (BREAD FED.)
[Dvose in mgm. per gm. monse. |

Fatal dose of a
tonitrile
Diet. Change in waight (average). -
Recoversd
a. Cakes. . woeof Decrensed 12.5 per cent (from 19.52 to 16.88 gms.). ... 0.11
b Blau:ld.ﬂrwrack 0.0544 .. ... Daﬂmnmdilgarmnt{fmm 20,67 to 15,40 gms.)...... .32
¢. Todoform, 0.0244.......... Decrensed 15 cent { from lﬁﬁﬁtolﬁﬂgms}.... A0
d. Potassium iodide, 0.02+4 .. Decreased BSparoeut (from 19.07 to 17.20 gms.)..... .52

GROUP B (OATE FED.)
[[rose In mgm. per gm. monse. |

o e S nmmdns?parmnt{fmmls&lolsﬂ?m] ...... 0. 40
b. Bladderwrack, 0.06-+4_. ... t!m&a-ﬁedz per cent (from 16,33 (o 15.50 gms) ..... .85
¢. Iedoform, 0.024-4.......... ecreased 6.4 per cent (from 16.75 to 15.68 gm ; ..... o
d. Potassium iodide, 0.0244 .. Dmaﬁﬁedl 4.7 per cent (from 15.44 to 17.58 gma T

The administration of iodine compounds led to an increasec
resistance in the case of both the bread-fed and the oats-fed mice
or perhaps (especially in the case of the latter) had prevented ¢
diminution of the resistance. The relative inecrease in resistance
was greater in the case of the bread-fed mice, but the degree of resist
ance reached was greater in the oats-fed animals; hence the resulti
are in harmony with the hypothesis that a diet of oats leads to th
formation of a larger amount of iodine-free thyreo-globulin.

It is difficult to suggest a satisfactory explanation of why
administration of iodine compounds to the bread-fed mice in this
series (in June) led to an increased resistance whereas it was prae
tically without effect in the earlier series (February and March)
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he difference may have been due to differences in the age of the
mice, or in their previous treatment, but it seems more probable
that it is connected in some way with the seasonable variations in
resistance to which attention has already been called. An observa-
lion of F. C. Koch?® is suggestive in this connection; Koch found
theep thyroids to invariably assay higher in iodine (as much as
three times) during the winter months than during June and July.?
he most plausible explanation of this interesting observation of
och would, at first thought, seem to be that this difference was the
tesult of different methods of feeding during the winter and early
tummer (the administration of iodine-containing salt, for example)
but this explanation should not be aceepted without evidence.
Pertainly my results showing that mice are least resistant to ace-
jonitrile during the summer months and the results of the experi-
ments of series 87, showing that in June the administration of iodine
ompounds to bread-fed mice increases their resistance (due, I
velieve, to the ability of the thyroid to take up iodine at this season),
uggest that at this season the iodine of the thyroid is abnormally
oow or the diet of bread may have led to an exhaustion or reduction
the iodine already present in the gland. Investigations may show
that the differences in the iodine content of sheep thyroids observed
by Koch may not be due to differences in diet but to diminution of
the iodine normally stored in this gland and that this diminution
may have resulted from the demands made upon the thyroid by
bther organs or processes of metabolism during the spring months.e

Series 88. (Jan., 1810.) (xii, 2.)

Two groups of young, almost grown mice, 25 in each, were fed,
hne on a diet of bread and oats and the other upon mush made from
orn meal, from November 6, 1909, to December 20, when their resist-
nee to acetonitrile was determined.

[I}oze in mMgm, per gm. mouse.]

Fatal dose of age-
Lonitrile,
et. Change In welght (averaga). AR T T e B
Recoverad. | Died.
. Bread (C) and oats. .. .....| Increased 26.2 per cent (from 13,80 to 17. 42 pms.)... .. 1.20 1.30
§. Corn menl mush. . ........| Decreased 3.8 percent (Irom 1380 to 1328 gms. ... LB . B0

e . —————— — — ———

a Koch, Proe. Amer. Pharm. Assoc., 1907, 55, p. 871,

bMondry ( Recherches nouvelles sur la fonetion joded de ln glande thyroide, Thiése, Lyon, 1603) and
pssé found the thyrolds of sheep In parts of Franee to contain more lodine in the winter than in the
mmer; although they speak of this variation being due to the season they apparently conslder the
lifferent kinds of food received at different periods as having at least an important part.

eIt would be Interesting to determine, for example, if there is a relation between the jodine of the
hyroid and the composition of milk; the latter contains more fat and protein in the winter than in
18 summer months,
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The remaining mice in each group were divided into three sub-
groups and one of the latter placed upon one of the following diets:
(a) Cakes, (b) cakes containing 0.05 gm. extract of bladderwrack (con-
taining about 0.03 per cent iodine), and (¢) cakes containing 0.01 gm.
potassiumiodide. After about 10 days their resistance to acetonitrile
was again determined. :

GROUP A (BREAD AND OATS-FED).

[Thosa in mgm. per gm. mouse.]

Fatal dose of ape-
tonitrile.
e, Change In weight (average),
Regoverad. | Died,
@ CAKeE. .. .oovvineninnnnnaa..| Decrensed 14,8 per cent (from 10.6 fo 16.8 gms.) ... .. 0. 356 3
b. Bladderwrack, 0.0544 . .... Diecreased 11.7 per cent (from 17.5 to 15.5 gms.) .. ... 380, ik b
¢. Potagsium fodide, 0.00-4-4 . .| Decreased 14 per cent (from 19.3 to 16.6 gms.) ... 1. 60

e

The change from a diet of bread and oats to one of cakes led to a
diminished resistance. DBladderwrack had caused a markedly in-
creased resistance; potassium iodide had also caused an increased
resistance, but this was less than that caused by the bladderwrack®
although the potassium iodide contained about five hundred times as
much iodine as the latter.

GROUP B (CORN MEAL FEID).

[Dose in Mgm. per gom. monse, |

Fatal dose of ace-
tonitrile. ]
hiet. Change in weight {average).
Recoverad. | Died.
L ALE T R S e Trecreased 7 per cent (from 11.97 to 1113 gms.). ... ... 0. /7 0. T
b, Bladderwrack, 0.0544 ..... Trecreased 9.9 per cent (from 1458 o 1313 EME. ) e oonone e s vnnnnns I
¢. Potassium fodide, 0. 0154 .| Decreased 15.1 per cent (from 14.73 to 12.5 gms.). ... .. 1.05

- The change from corn meal mush to cakes led to a slight diminu:
tion in resistance, The administration of bladderwrack caused
increase in the resistance, whereas potassium iodide had caused a
increased resistance.

of the mice which had received a diet containing oats than of those
which had received a diet of corn meal mush.

@ The iodine in bladderwrack is usually much more effective in causing an ineres
registance to acetonitrile than that in other compounds with which I have experi
mented; the iodine compound in bladderwrack seems to have a special affinity for
thyroid. This subject will be discussed in more detail in a publication, by Doctol
Seidell and myself, in the Journal of Pharmacology and Experimental Therapeutics
1910, vol. 2.
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Series 89. (Jan., 1910.) (xii, 31.)

Two groups of young, nearly grown, mice were fed, one (Group A)
ipon an exclusive diet of boiled eggs, the other (Group B) upon corn
meal mush, from November 16 to December 22, 1909, when their
besistance to acetonitrile was determined. The results were as follows:

[[rose in mgm. par gm. mouse. |

Fatal dosa ol nee-

tonitrile, ’
Diet, Change in walght (average).
Recoverad, | Thind.
orn meal mush. ... ......| Decressed 16,9 per cent (from 16,33 to 1557 pms.). . ... | . 55

The remaining mice of each group were divided into two sub-
krroups, one of which was placed upon a diet of simple cakes and the
bther upon cakes containing 0.01 gm. potassium iodide. After 10 days
heir resistance to acetonitrile was again determined, with the follow-

ing results:

F. {E-:ﬁg ....................... | Inereased 10.7 per cent (from 16,33 to :ﬂ.ﬂﬂ pms.) ... i 85 1. 95
.0 to 5 . B0

GROUF A (EGG-FED).

[Dosa in mgm. per gm. mouse]

Fatal dose of ape-
tonitrile,
Diet, Change in welght (average). ik
Recoverad. | Died.
| ,Cukm“””___________,,,,!Umrgased{l.tiper{‘enl{h—nmﬂﬂ.l?inl&ﬂlgms.}..... 2.0 2.5
h. Potassinm lodide, 000144 | Decreased 10,4 per ceng (from 19,7 to 15,86 gms.)..... .8 1.1

It is evident that the potassium iodide had had no effect upon the
resistance of the mice. 1 am unable to explain the unexpected and
nusual increase in the resistance of the mice which had received the
akes. It is improbable that it was due to an experimental error, for
lthe same solution of acetonitrile was used in both series and the
sxperiments were performed upon the same days; 4 of the cakes-fed
imice recovered and none died from doses of the nitrile ranging from
mgm. to 2 mgm. per gm., whereas 5 of the potassium iodide-fed
mice died, and none recovered from doses ranging from 1.1 mgm. to
l2 mgm. per gm. There is a possibility, however, that cakes containing
hladderwrack instead of simple cakes had been fed.
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GROUP B (CORN MEAL MUSH).
[Doze in mgm. per gm. mounse.]

Fatal dose of ace
tonitrile.
Tret. Change in weight (average).
Recoverad. | Diad,
o, Tl o e o D Decreaszed 8.7 per cent (from 15,48 to 1-.|.13-3grnu.}| ..... 0.7 0, 75
b, Potassiom lodide, 0.014-4. .| Decreased 10.4 per cent (from 1343 to 1208 gms. ). ... 1.2 1.50

Thus potassium iodide had caused a somewhat increased resistance
A few weeks later the following series was performed:

Series 90. (Mar., 1910.) (xii, 36.)

Young mice were fed upon diets of bread and eggs; the bread was
the brand designated ““C,” which always caused a high degree of
resistance. After about 5 weeks acetonitrile was injected with the

following results:
[Doze in mgm. per mg. mouse.]

Fatal dose of aeelo-
nitrile.
Dilat, Change in walght {average),
Recovered. ‘ Tied.
T T e o S e il s e 4.30 4.40
b. Eggs.........ooovonon.....| Increased 34.9 percent (from 12.6 (0 17 gms.). ... .. 34 q

The egg diet had led to a low degree of resistance. It is interesting
to compare the results obtained in this series with those obtained in
series 89, performed but a few weeks earlier; in the latter the egg
diet did not cause a low resistance. The explanation of this differ:
ence is probably to be found in the differences in the effects upon the
growth in the two cases; in series 89 the mice had increased by but
10.7 per cent in weight; in series 90 by 34.9 per cent. ;

The survivors of group a were divided into two subgroups an
placed upon diets of eakes, and cakes containing potassium iodide

GROUP A (BREAD FED).
[Dosa in mgm. per gm. mouse,]

Diet. Change in weight (average).

T B e R Deereased 13.9 per cent (from 12 to 10033 gms. ... ...
b, Potassiom iodide, 0.014-4. d Decreased 7.4 per cent (from 1146 1o 1061 gms.) ...
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The mice on a diet of cakes had lost part of their high degree of
resistance; those receiving the potassium iodide had retained it.

GROUFP B (EGG FED).
[Dose in mgm. per gm, mouse.]

} Fatal dose of aceto-
nitrile.
Diet, Change in waight (average). S S Ve
Inmmmd.! Died.
T T R R | Decrensed 12 [lerm:nl {from 17.67 to 15.54 mlls.]..-...! 0.12 - 0.3
b, Bladder-wrack, 0.0644.... .| Decreased 12,5 per cent (from 16.59 to 14.5 gms.)..... LAl B
e. Potassium fodide, 0.01+4. .| Decreased 15.5 per cent (from 16,97 to 1434 gms.). ... 1.0 1.1

The resistance of the mice receiving the diet of cakes was still
further lowered; that of those receiving the bladder-wrack was not
much changed, whereas those receiving the potassium iodide was
increased.

BUMMARY OF THE ABOVE EXFERIMENTSE.

These experiments lend considerable support to the hypothesis
suggested above, viz, that in some cases the effect of diet upon the
resistance of mice to acetonitrile is exerted, at least in part but prob-
ably only in part, through the thyroid gland. The experiments with
oats and oatmeal and eges are of especial interest. In the earlier parts
of this paper many experiments were quoted showing that a diet of
oatmeal or of oats usually leads to a marked resistance of mice to
| acetonitrile; the experiments quoted in this section, which show that
the administration of eertain iodine compounds with or subsequently
to such a diet still further increases this resistance, and the experi-
ments previously reported showing that as far as the resistance
toward acetonitrile is concerned iodine exerts its action through the
thyroid gland, all point to the conclusion that the resistance caused
by an oat diet is in part an effect exerted upon the thyroid. This
effect is obtained much more markedly and constantly with young,
growing mice.

From these experiments and considerations it seems very probable
that it is possible to influence, in a specific manner, by diet, one of the
| most important hormones in the body; this is a comparatively new
| prineiple in dietetics and one which may prove of much importance.®

B ——————— e EE— —— ——— = - —_— _—

a After the completion of most of the above experiments my attention was called
to'an article by Watson (Lancet, 1807, I, p. 985) in which the author reports that the
thyroid of young rats which have been fed on oatmeal are enlarged; he states that the
“results appear to indicate that an excessive oatmeal diet has a markedly stimulating
effect on the thyroid gland of young animals. "

Oats have long been held to have a “stimulating” action upon animals. Pugliese
and Brighenti (Jour. de physiol. et de la pathol. gén., 1909, 11, p. 1047) have recently
found that the products of the autolysis of oats and of their peptic digestion increases
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There are also a number of facts which support the hypothesis that
the effect of the egg diet upon the resistance of mice to acetonitrile is
due in part to an effect upon the thyroid. Thus the egg diet has an
effect just the reverse of that of the administration of thyroid; more-
over, the marked inerease in the resistance of mice which have had
such a diet, which sometimes occurs when potassium iodide is subse-
quently administered, suggests that the egg diet had led to a condition
of exhaustion of the gland.

It is not necessary to assume that this change in the thyroid is the
direct effect of the egg diet; it would be more logical to suppose that
it is an indirect effect, probably an effect of the rapid growth caused
by the ege diet. It is known that a normally functioning thyroid is
necessary for the growth of an animal, and it is readily conceivable
that a diet which causes an abnormally rapid growth might lead to
a temporary exhaustion of the gland. Tt is interesting to recall in
this connection that with the egg diet the lowest resistance was found
in those cases in which there had been the most rapid growth; with a
less rapid growth there was a higher resistance. It is possible, how-
ever, to select a combination of foods which will eause rapid growth
and still maintain a rather hich degree of resistance to acetonitrile
(see below). _

These considerations are almost purely theoretical *; they are, for the
most part, however, open to experimental proof or refutation. But
whether the suggested explanations prove true or false the experi-
ments show that it is possible to elassify a number of ordinary foods
as to whether they affect the organism of the mouse in the same way
or in the opposite way as does thyroid. Oats, oatmeal, liver, kidney,
dextrose, and certain kinds of wheat bread belong to the former class;
milk and eggs to the latter class, T

the strength of the contractions of the heart and of striated muscle and delay the fatigue
of the latter. '

I have made, with Doctor Seidell, a few preliminary experiments in an endeavor to
determine what constituents of oats are responsible for the effect upon the thyroid.
From the experiments of series 17 it will be seen that the ash of vats added to bread did
not alter the latter’s effect upon the resistance of mice to acetonitrile. . In series 26 the

mice ag compared with corn meal and water.

From series 18 it would seem as if the constituents causing the increased resistance
were removed by 96 per cent alcohol. |

@ Note during proof reading. The correctness of these conclusions has been
proved by feeding the thyroid of mice (kept on certain diets) to other mice and
testing the resistance of the latter to acetonitrile. The mice which were most
resistant to this peison had thyroids which, when fed to other mice, afforded the
greatest degree of protection.  These experiments give the direct proof that in some
cases the resistance of mice to acetonitrile is due to the activity of the thyroid and
also that the acetonitrile test is a measure (at least to a certain extent) of the norm
physiological activity of the thyroid in the body. These results will be publisheg
i detail shortly.
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The question whether these foods affect the human organism as
they do that of the mouse must be left for future study; the proba-
bilities are that they do.  Careful observations upon man in conditions
of hypo- and hyperthyroidism would throw much light upon this
subject; such observations, however, do not seem to have been made.
Berkeley’s remarks @ upon the great value of eggs and milk in the
treatment of exophthalmic goitre and the advisability of eliminating
sweets in this disease are very suggestive; it would be interesting to
know if certain other foods which experimentally have an effect
similar to thyroid (oatmeal, liver, kidney) are contraindicated in this
disease. The experiments are of interest in connection with the
iodine-free-food treatment which has been advocated for this disease.
It is generally recognized that iodine usually aggravates the symp-
toms in exophthalmic goitre. These experiments suggest that diet
is capable of causing much greater changes in the activity of the
thyroid than iodine or any other drug and that more careful study
should be given it. :

The experiments also show how some effects of one food may be re-
“tained and other effects more or less eliminated by combining it
with other foods. Thus the effect of egg yolk in causing rapid growth
is retained when oatmeal or liver is added, but the latter reduces to a
considerable extent its property of increasing the susceptibility to
acetonitrile. KEgg white added to egg yolk had no effect upon either
the rate of growth or resistance to acetonitrile.

The above results are suggestive in connection with the oatmeal
treatment of diabetes mellitus. It is very probable that hormones
other than the thyroid can be influenced in a definite manner by
certain diets; the hypothesis that the favorable results obtained in
certain cases of diabetes by an oatmeal diet are due to the latter
having a special relation to some of the hormones involved in the
metabolism of sugar seems much more probable than some of the
other hypotheses which attribute them to differences in the carbo-
hydrates,

The experiments on the effect of diet upon the result of the adminis-
tration of iodine compounds are of interest in another connection:
One of the marked tendencies in pharmacology at present (due to a

a Berkeley, Johns Hopkins Hospital Bulletin, 1908, 19, p. 259.

Newman (Lancet, 1909, I[, p. 1584) reports a case of exophthalmic goitre in which
sour milk seemed to be beneficial; the souring would largely eliminate the sugar
which according to Berkeley seems to be contraindicated and which according to my
experiments has an effect somewhat similar to small doses of thyroid. The beneficial
effects noted by Edmunds (Lancet, 1908, I, p. 227) and by Goebel (Miinch. med.
Woch., 1902, p. 835), from the administration of comparatively large amounts of the
milk of thyroidectomized goats in cases of exophthalmic goitre may have been due
in part to the milk per se as well as to the presence of an antibody or the absence of
iodine.
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considerable extent to the influence of Ehrlich) is the endeavor to
find drugs which have special affinities for certain organs or parts of
organs, drugs which are neurotropie, lipotropie, thyreotropie, ete.
As will be shown in a later publication there are certain iodine com-
pounds which seem to be very distinetly thyreotropic. The obser-
vations reported above (and others of a similar character to be
reported later) suggest that it is possible to modify, by diet, organs
so that they may more readily take up certain drugs and it seems
that in certain cases more pronounced results may be obtained in this
way than by changing the chemical constitution of the drug.

b. EXPERIMENTS WITH GUINEA PIGS.

Only a small number of experiments were performed upon guinea
pigs with the special object of determining if a relation exists between
the diet and the resistance of these animals to acetonitrile; the results
of these experiments were, however, positive. The experiments
brought out a number of other points of some interest; some of these
will be referred to briefly.

Effect of season.—The fatal dose of acetonitrile for guinea pigs has,
during the last 3 or 4 years, been determined several times in nearly
every month; the average of these determinations, expressed in
mgms. per gm. body weight, is as follows:

BT T g, e s o LY ] 08 < |aament el Jut Lo i T 0. 42
FebEMAET ool o8l i it bana s canbrlnlye. v ki cpn kit .45
L T e 230 | Beptemiber: - cxonafvat o s .40
L e e -85 | Nonrember: :cxote oo Sooimanns .20

R s et e a0 | Decembel. oot o me b St R

Thus the animals were most resistant in the spring and summer
months, 1. e., at a time when mice were the least resistant. Sinee
removal of the thyroid tends to increase the resistance of guinea pigs
to acetonitrile and the administration of iodine compounds (by which
the activity of the thyroid is inereased) diminishes the resistance it
is probable that an important factor in these seasonable variations
are variations in the activity of the thyroid gland; this conelusion is
in harmony with the results of experiments on mice and the varia-
tions in the iodine content of sheep thyroids already discussed.

We are not in possession of sufficient data to attempt to explain
these variations but certain factors may be mentioned. First among
these is the diet. All of the guiena pigs were bred in the laboratory
and their parentage and diet were known. The diet consisted of dry
oats, bran, hay, and “green food;’’ the latter consisted in the winter
and early spring (from November to May) of carrots and cabbage;
in the summer it consisted of green rye, alfalfa, green maize,or carrots
and cabbage. The animals had access to rock salt throughout the
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year. Although the green food of the winter months may have con-
tained a little more iodine (which lowers the resistance of guinea pigs
to acetonitrile) than did that of the summer it seems improbable that
this or the other slight differences in diet was the cause of the differ-
ences in susceptibility. It seems more probable that the latter is
associated in some way with seasonable variations of metabolism of
funknown origin. -

Physiological oxidation processes are, as is well known, increased

y cold and the question may arise if the increased susceptibility
during the winter months may not be due to accelerated metabolism
hich would lead to a greater decomposition of the acetonitrile
molecule. But, as Rubner has shown, the coat of hair on animals
ike the clothing of man, largely or totally abolishes the effect of
moderate cold upon metabolosm. Moreover the guinea pigs were
kept in a uniformly heated room throughout the winter and were not
exposed to greater differences in temperature than were the mice
used in the preceding experiments, the resistance of which was
inereased during the winter.

A factor which should receive more careful consideration is the
possible relation between susceptibility to acetonitrile and rate of
growth. Sitdmersen and Glenny® found the average age of 250 gm.
inea pigs In the 6 months of winter (October to March) to be 44.6
idays as compared with 32.8 days in summer. They also found that
a larger dose of diphtheria toxin was necessary to kill a guinea pig
of the same weight in summer than in winter and that for guinea
pigs of the same weight the fatal dose increased with the age.

Effect of feeding thyroid.—The feeding of thyroid lowers the resist-
lance of guinea pigs to acetonitrile, as is shown, for example, by the
following experiments:

Series 91. (Sept., 1908.) (xi,90.)
The thyroid was fed in the form of commercial tablets, three dif-
iferent products being used. The thyroid was fed for 13 days.”

A. CONTROLS.
[Dosa in mgm. per gm. guinea pig.]

Fatal dosze of ace-
tonitrile,

o, Change in weight.

= e —— e

Recovered, | Died,

Increasad 34.9 per cent (from 235 to 317 EME.) . . ..o oo iirir e e rnrnnnaaaas 0. 38

1 | Increasad 34.9 per cent (from 235 1o 317 EMS.) . . - oo rrrmrmrmrnrnaenes] 00 O3Bl ... ..
2 | Increased 44.1 per cont (from 215 L0 BI0 EMS. ). .. - oooioiiii i saaaraaas Sl
& | Iocreased 404 per cent (from 205 10 ZBE EMIS. ). . .. .o cii i miiia i inne e nima e 0. 40
4 | Increaszed 32. 6 per cent (from 230 to 308 FME. ). ... L iiiiiiiieienersaananea [FEEeERR .43
5 | Increased 34.6 per cent (Irom 225 to 303 FME.} . - ... coovvriiirnsrrssmmmrnsssasnss|sssonsinsccs L&

a Bfidmersen and Glemmy, Jour. of Hygiene, 1908, 9, p. 390,
| & The effect of sulphur upon the resistance of guinea-pigs to acetonitrile was tested at the same time;
| he resalts will be given here in order to avoid repetition.



B. 0,128 GM. THYROID CONTAINING 0.113 ‘.E'DIRR (EPNT IODINE (=0.1446 MGM. IODINE) FED
L o
[Dose in mgm. per gm. gulnes pig.]
Fatal dose of ace-
= tonitrile.
No. Changes in weight. L el fie
Recovered. Died.
1 I e e e L e et R ekt T T R e
2 | Increased 13.6 per cent éfmru b A Ems Y e i s | [ E R
3 | Tncreased 7-7 par cenit (from 22000 287 ZINE.). . oeerereenunmmmneannssnnannsnssnn|srennmmnnnns | 0.35
4 | Increased 5.6 peocemt (Fromy 230 Mo 283 BI0E). . .. v voriennra s armnsscscsarcaran]assnsmnnonss | . A0

C. a0.064 GM. THYROID WITH 0.38 PER CENT 10DINE (=0.2432 MGM. IODINE) FED DAILY.
[Dose in mgm. per gm. guines pig.]

1 | Increased 13 per cent (from 230 to 200 g5, Y. oo ccviceeciniiicncccera e s e naa V3 e e -
2 | Increased 2.3 per ﬂmt. {I'mm 21.; tn 2‘.!43 gms } ............................................... 0.35
3 | None (235 gms. }. . i e e S S e e e e e - 40

. 0128 GM. THYROID WITH 0.065 PERDEIIEE‘LT IODINE (=00832 MGM. TODINE) FED

[Drose in mgm. per gm. guinea pig. |

1 | Incrensed ISErmnt{lmmmtu 2Jﬁgms]l e 1R [
2 | Increased 11.8 per cent {from 235 ; 0. 30
3 | Incrensed 14.4 per cent (from 215 to 246 gms. 52
4 Dmrmad?.&perﬂentummmutum‘ﬂgms.}.................................. .40
E. 0.2 GM. BSULFHUR IN THE FORM OF PILLS WAS FED DAILY.
[Prose In mgm. per gm. guinea pig.]
1 | Increased 3.2 per cent (from 245t0 288 gma.). .. . .. ... ... (155 ] (EPR
2 | Increasad 12 per cant (from 290 E0 200 BT0E.) - v oo s vveerassssonscasasannnntnssann|oitamnmninns 0. 55

aAnother guinea pig of this serles died on the sixth day after the administration of thyrold was begun.

It is evident that the thyroid had in all these cases very distinetly
diminished the resistance of the guinea pigs to acetonitrile. The
thyroid also caused a retardation of growth. The latter effect was
roughly proportional to the percentage of iodine in the thyroid fed;
this is another indication that the activity of the thyroid is parallel
to the iodine content. I have shown in earlier papers that the
increased resistance of mice to acetonitrile caused by the feeding of
thyroid is very closely parallel to the iodine content of the latter;

e P e e TR

--i‘l: Irl"; i i

this did not hold in these experiments on guinea pigs for the dimin- |

ished resistance caused by the feeding of thyroid. It is quite prob-
able that the increased resistance caused in mice is a primary effect
of the thyroid, whereas the diminished resistance in the guinea pigs
is an effect secondary to other effects.

Sulphur caused a distinet increase in the resistance to acetonltrlle' 8
the effect was not nearly as great as it was in similar experiments on

mice (series 66, for example) and rats. g

Rt i o

i Ul i

_—
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Oats.—It has been shown above that a diet of oats as compared
with many other diets increases the resistance of mice to acetonitrile,
and arguments were presented that this effect is probably due in part
at least to a stimulating action on the thyroid. Since thyroid and
potassium iodide and other iodine compounds administered to guinea,
pigs diminish their resistance to acetonitrile, it would be expected
that oats would have a similar effect if it had a stimulating action
upon the thyroid similar to that observed in mice.* This supposition
was realized in the two series of experiments I have performed.

Series 82. (Mar., 1908.) (x, 121.)

Two groups of guinea pigs of approximately the same age and
‘weight were fed from January 17 to March 7, as follows: Members of
Group A received an unlimited amount of oats and in addition
5 gms. of carrots and cabbage daily for the first 25 days and thereafter
the same amount every second day.? Group B received only cab-
bage and carrots (equal parts).

A. (OATE FED.)
[Doge In mgm. per gm. guines pig.]

Fatal dose of ace-
tonitrile.
No. Change in welght,

Recovered.| Died.
1 ' Increased 45.8 per cent (from 230 60 340 EMA. ). cccvnemrvainnsrnsnmansessssnmmnns L
] Il'lt‘i‘ﬁﬁﬁd & '? Tl ]y R e T R | P e 0.37
3 | Inoreased a?rmrcantummmlum!gms} ................................... .40
4 | Increased 54.5 per eent (from 240 to 371 gms. ). . e e e R e a, 45

B. (GREEN FOOD.)

1 | Increased 12.0 per cant (Irom 24040 271 B8 ). oo evennnnnnsnnasarsnnanesnnnens [ (R
2 | Increased 31 par cont (from 235 to 308 gme. ). . ..o i pAB AL s
3 | Increased 6.8 por cent (from 245 10 202 BB, Ju e ieiinrimmrranmrmssnsnmnsnmnans 8 R
4 | Increased 23.8 per cent (froin 235 1o 20088, ) ... cnnnnin e sasncensasannnnaas ol | s
5 | Increased 17. Iperwnf(mmﬂamm'rgmﬁ] .............................................. 0. 50
A} Inrreazed 11.9 par cont (from 23040 266 gamia. ). - . .o ol il s . b

@ Two others died from 0.45 mgm. per gm. weight.
Series 93. (July, 1807.) (x, 120.)

The guinea pigs were fed for about a month as in series 92, except
that the group on oats received a few grams of green food but twice
a week.

2 I do not believe that the reaction of guinea pigs to acetonitrile is by any means
as closely related to thyroid activity as that of mice seems to be. Diet, ete., may and
probably does affect the thyroids of both animals in the same way, but there is no
means of aceurately determining the effect in guinea pigs.

b As is well known, guinea pigs do not live long upon an exclusive diet of oats, but
a very emall amount of green food enables them to thrive on it,




80

A. (OATS)
[Dose in mgm. per gm. guines pig.)

Fatal dose of ace-
tonitrile.
No. Change in weight.

Recovered. Thied.
1 | Decreased 4 per cent (from 250 1o 240 gms. ). .o cvvnvivnans S e e e R A 0.27
2 | Increased 42.6 per cent {(Irom 225 Lo Al ool R o ]
3 | Increased 27.4 per cent (from 255 to 425 gme. ). . = T .30
4 | Incrensed 35.2 Ler cont (from 236 00 325 EINE. ). . covverecssosonsnsssssasanssnnnssloaannansns : 3B

B. (GREEN FOOD.)

1 | Increased G66.6 per cent { from 240 to 400 gTAs. ). o ooce v ieaaniens TR ke | V) (SRR -
2 | Inorensed 72.9'per cenl (Inom 240 bo 415 pms. ). ... .o .. ...l L. ! s | ISR
3 | Increased 78.7 per cont (from 235 10 420 B8, ) oo vovsssss s s msne s ennns TN W -
4 | Increased 64.6 per cent (from 235 10 383 BIMS. ). . cerinvenrnsasnasnssnnnsanssnnnns | s

These experiments show that the resistance of guinea pigs to
acetonitrile is influenced by the diet. The results are also in har-
mony with the hypothesis that a diet of oats has a special effect
upon the thyroid.

Attention has already been called to the fact that the administra
tion of prostate to guinea pigs diminishes their resistance to aceto-
nitrile; one of the series of experiments on this subject was as follows:

Series 94. (May, 1907.) (vii, 25.)

Group B received from 0.38 to 0.51 gms. dried prostate daily for
13 days. The changes in weight and the fatal dose of acetonitrile

were as [ollows:
A. CONTROLS.

[Dose in mgm. per gm. guinea pig.]

Fatal dose of ace
tonitril
No. Change In welght.
Recovered. | Died.
1 | Increased 12.2 per cont {Trom 450 (0 550 EIN5. ) a . ve e assnnsssasasssnsannans i R
2 | Increased 0.1 per cont (from 240 0 262 BINS. ).« cvvvrmasrasinnsiniramisnmnsmsmsnslssnsrnnssnns 0.31
8 | Increased 18 per gent ([roxi 250 60 205 5. ). -« cesiatonnsennasasonnsnamantannnslassassasanns

B. PROSTATE.

1 | Increased 11.4 per cont (from 246 0o 278 BIma. e oo oo ccocincciiies i iicnnnmnisalerirnnn e
2 | Increased 13.7 per cont (Irom 200 G0 380 PINE. ) o - coiovsinecrins vnaimn o creinreeilon oo e

Thus prostate has an effect upon the resistance of guinea pigs
acetonitrile similar to that of thyroid.
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(c.) EXPERIMENTS ON DOGS.

Only one experiment was made upon dogs to determine if diet
has an influence upon the excretion of sulphoeyanate after the ad-
ministration of acetonitrile.

Series 95. (Jan. 6, 1906.) (vii, ®-10 and vi, 150-151.)

Two bitches of approximately the same weight were fed for about
3 weeks on a diet consisting of 50 gins. lean beefl and as many Spratt's
dog biscuit as they would eat. Acetonitrile, 0.1 mgm. per gm.
weight, was then injected into each. The sulphocyanate in the
urine was determined, by Lang’s method, for five days; in one dog
(A) 12.6 per cent of the cyanogen of the nitrile appeared in the
urine as sulphocyanate; in the other (B) 14.7 per cent. Lang re-
covered In similar experiments upon dogs (diet not stated) 14 and
18.4 per cent of the cyanogen.* Dog A was then placed upon a diet
consisting exclusively of lean beef, and dog £ upon a diet consisting
of boiled rice, cane sugar, and lard in the following proportions:
400:300:50. After 17 days acetonitrile, 0.2 mgm. per gm. animal,
was injected into each dog. The meat-fed dog showed in a short
time fairly marked symptoms of poisoning; the carbohydrate-fat
fed dog showed almost no symptoms until the following day. Six-
teen and nine-tenths per cent of the cyanogen of the nitrile admin-
istered to dog A (meat fed) was recovered from the urine; only 9.5
per cent of that given to dog B was recovered.

Thus the meat-fed dog showed somewhat severer symptoms of
intoxication and excreted more (1.7 times as much) of the cyanogen
of the nitrile as sulphocyanate than did the carbohydrate-fat fed
dog. This result may have been due either to the meat-fed dog
having decomposed a larger proportion of the nitrile (owing to in-
reased metabolism) or it may have been due to the meat having
ade possible the formation of a larger amount of sulphoeyanate
hrough its larger sulphur content;” experiments with hydrocyanic
acid would probably have determined this.

a In two series of experiments upon rats 11.8 per cent and 12.8 per cent of the
ogen contained in the injected acetonitrile was recovered from the urine as
phocyanate. -

b The meat-fed dog excreted on this diet a daily average of 3.475 gms. total sulphur
expressed as barium sulphate), of which 2.606 gme. (or 75 per cent) was in the fori
sulphates and 0.869 gm. as neutral sulphur. (On the earlier mixed diet 64.1 per
nt of the sulphur was in the form of sulphates.) The carbohydrate-fat-fed dog
creted but 0.395 gm. (expressed as barium sulphate) total sulphur, of which 0.1373
. (34.8 per cent) was in the form of sulphate and 0.2577 gm. as neutral sulphur.
e meat-fed dog thus had a much larger amount of sulphur available for the forma-
on of sulphocyanate if the sulphur of meat is in a form available for this purpose.

1B496°—Bull. 69—10——~6
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2. EXPERIMENTS WITH PROPIONITRILE.

Erperiments with mice.—Propionitrile (C,JI,CN) is much more
poisonous than is acetonitrile, and the resistance of mice to it is
greatly influenced by the diet, as is shown by the following experi-
ments:

Series 968. (June, 1908.) (x, 176.)

The mice belonged to the same groups as those of Series 17; they
were fed as below for about 75 days. '

| Do I mgm. per gm. mouse.)

Fatal dose of pro-
pionitrile.
Diet. Change in welght (average).

Recovered. | Died,
g, Eean BAM . ... .cooiiiiainas R R ] L e e e e e 0. 004
b Mk, raw..................| Increased 18 pereent.. ... ... coooiniinnnnaiiaa..a, 0. (5 07
[ L AR R e e Tnnressed 30per cemb. ool 008 010
d. » bolled 30 minutes. .. .| Incréased 256 percelt. ccc.vvvinecniinnnssrnannnanas L0058 012
¢. Bread and eatashe....... b o o e e e T e e e LD S
f. Polato,bolled_....___..._. Decressed 70percent. ... ... i 0l R et e 015
. Bread and water...._._.... Incrensed 16 A percant. . couveiiciniiiiiiaaiannns E 1]k L018
gilataandwnur ............ [Er g o eon Bt B (| T D R NS R e . | R E e ! 04
RO - T T Incrensed 148 percant. ... .......co.oiiiiiiaiiiaions 032 034
j- Liver (hog), bolled. .. _....| Inereased 10.5 pereent. . ... ooooioiooo oo - 050 L0654

a The mice recelved dally the ash from about 8 gma. oats Intimately mixed with the bread.

In comparing the fatal doses of propionitrile with those of aceto-
nitrile (series 17) it will be seen that the latter are from thirty to sixty
times as great as the former. Diet had a pronounced effect upon the
fatal dose of propionitrile; this effect was in several cases different
from that caused by the same diet upon the toxicity of acetonitrile.

Series 97. (July, 1908.) (xi,2.)

The mice of this series were of the same groups as those of series 18,
The mice were fed as below for 5 weeks. :
[Dose in mgm. per gm. motse.)

, Fatal dose of
pimlitrile.m
Diet. Change In welght (average).
Recovered. | Died
a. Egg yolit and lver,aqual | Tnereased 23.2 por o800k, ... ..ovoeeinnnanaacnonnnnans 0,010 | 0,015
8, |
b. Egg:ﬂmﬂm ................ Fhon T B R ) 1 R e 015
R R | SRR | Tncressed 243 percemt. ... i i L0015
d. Oats,extracteda. ... .. .. { Decreassd 16.0peroent. ..........0 oiiiiiiiitivans 013
e. Egz white and catmeal, | Tncreased 10.2 percont. ....uuieierreeeiennnernanan L 016
o e
J- B (sheep, bolled) and | Incrensed 14.7 pereant. . ... . .cciiiiiiiirrerrnnnen L0803
oatmeal, equal parts.
E' 0 T R R et 8T B R e R e S LOET N
. Liwver {hn%. bofled. ._...... Inereased 1.3 GRS R DR e e R i T C ks -Gy
dna,ivﬂla hofled . . __| Inoreased M0 dperoent. ... ... ..cco.coiiiiiiiiiiaes .42 A4
j. Egg white and Tiver, equal’| Increased 2.0 percent. .. .. .. ... 00010111 045 | 08

o Oats were ground and the meal, after sifting, was extracted with 90 per cent aleohol.
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The influence of diet upon the vesistance of the mice to propioni-
ile is apparent; the effect was in several instances different from
at observed with acetonitrile.

EFFECT OF IODINE COMPOUNDS.
Series 98. (June, 1908.) (x, 198.)

One group of mice (4) was kept for 8 weeks upon a diet of bread
nd water; another group (B) upon oats and water. KEach group
as then divided into subgroups which were fed as below for about
| week when their resistance to propionitrile was tested.”

GROUP A (BRREAD-FEID).

[Doga in mgm. per gm. monse.]

Fatal dose of pro-
pionitrile.
riat.

Recovered. | Died.

R R IO . . - i s e S i e s e i A P ST pRCaRe LAY {0, (2
| Bladdarwrack, 00544 . ...vvcieniaoioeciiaanransaraan s sasaa s s naaa SM25 o 205
T e re o 1B et O TR s s S S e R EE PR B aias .36
' Potasshnm fodide, . 0244 .« . cveencociecciiaiinniii et s s ns 'I 120 03

Thus bladderwrack caused a distinet increase in resistance; the
sults with iodoform and potassium iodide were doubtful.

GROUP B (OATE-FED.)
[Tiose in mMEm. per gm. mouse.]

Fatal dosa of pro-
plomitrile.
Driet.
Recoversd. | Died.
. Potassiom fodide, 00244, .. .ueeecioaauanarass seasessananannnreaocosstatanansens L OLiod0 . ... ...

e —

Potassium iodide caused a distinetly increased resistance to
ropionitrile, and the effect was greater than in the case of the bread-
ed mice.

3. ExperIMENTS WITH MORPHINE. :

(@) EXPERIMENTS ON MICE.

Diet has a distinet effect upon the resistance of mice to morphine
is shown by the following experiments:

Series 99. (June, 1908.) (x, 172.)
Mice were fed as below for about 75 days.”

a Other members of these groups were used in experiments with acetonitrile.
series 87).
b These mice were the unused ones and, to a less extent, the survivors of those
d in series 17 and 96.
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[0z in megm. per gm. monsa, |

Fatal dose of mor.
phine sulphate.
Iviat. Change In welght (average).
Recovered. | Died
e AL TN (LY e o o e Incrensed B percomt. ..o e 021
R . s e Increased 13 L e s T .21
o Hﬂk [ngr b o B R L Increased 256 par cemt ot T s
Fg L | e A e e Inereased 39 L T
ver I_']mg}, bofled........ Incrensed 10.5 per cent

««-| Increased 16.4 per cent. ...
Bread and oatashe. ......| Increased 5.7 percent. .. ...ccccoievvmncanranannnanes
Potatong. o o Docreazod TOparcent. . .......cccciiviiancnsnnanes

. Egg white, and bread, | Incrensed 6.2 percent. ... .....ccoiciviiiinicnsnnnsans

equnl}ina.rts.
Egg white, and oatmenl, | Increased 13 perocent. . . ..o onrineiiiiiiiccinnes
eqial parts.

M~ EEEeTn 5‘-“ ot
g25
ﬁ

5 sehsanssy

& The mice recelved daily the ash from about 0 gms. oats Intimately mixed with the bread.

A comparison of the results of this series with those of series 17
and 92, when the mice of these groups were tested with acetonitrile
and propionitrile, shows that the degree of susceptibility to the
three poisons is very different, i. e., the susceptibility to each poison
is specific and not dependent upon * general resistance.” '

The same fact is illustrated also by the following series:

Series« 100. (Mar., 1910.) (xii, 38.)

The mice were fed as below for about 6 weeks.

Fatal dose of mor=
phine sulphate,
Driet. Change in weight (average). = S e L
Recovered. | Died.
o Milk, odled . .- cuncncnnias Increased 4.65 per cent from 1232 o 1290 gms ... ... 028
b, Corn meal and water_ ... Decreazed 7.54 percent from 1233 to 11 40gms. . ... 0. ..o vnneanns
¢. Comn meal and bolled milk.| Increased 27.33 per cent from 12.33 to 15.70 gms. . .. .. .35
d. Corn meal and oat extract.| Decreased .56 per cent from 12,33 to 11.80 gms. ... .. 6
e B e Increased 4.46 per cent from 12,33 to 1288 gms. ... .65
J. Corn meal and row milk. . .| Increased 37.14 per cent from 1233 to 16.91 gms. ... .. i 1]
g Bread (S). e L I R ) e a0 .
T o Y R TR r Increased .16 per cent from 12,88 to 12.72 gms_ ... __ .751

The effect of the different foods in altering, in a speeific manner,
the resistance of the mice to morphine is very evident from these
experiments; this is especially marked when the results are com-

Thus with acetonitrile the mice receiving the raw milk were the
least resistant; with morphine they were the most resistant. Mice
receiving one brand of bread (C) were at least four times as resistant
to acetonitrile as those receiving another brand (S); no such diffe
ence was observed in regard to morphine.

@ These mice were the unused ones and the survivors of those used in series 26.
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Series 101. (Mar., 1908.) (x, 112.)

[Drose in mgm. per gm, mouse.]

The following experiments, although not numerous and perhaps in

some cases not sufficiently controlled, may be quoted; the essentially
negative results obtained in some cases are of some interest:

-

The mice were fed on the following diets for about 50 days:

Fatal dose of mor-
phine sulphate.
Driet. Change in weight (average).
Recovered. | Died.

. Besns, ““navy"" (boiled).. .| Decrensed 3 peroenmt. . ... iviiiiirininiinranrnanas .20 0.23
b. Peanuls (PAW). - vovonronn-- o | e e S S S35 30
g Beef{bodled). -.o oo il ST CRL e DRI ORI, o e o e e o s e o i e - 28 a0
L ey R R R Drecratioend T4 perambiik . o e fi i Stk ssan i m i el .36

Series 102. (Mar., 1807.) (vi, 128.)

The mice were fed as below for 10 days.

[Drase in mgm. per gm. mose.)

Fatal dose of mor-

phine sulphate,
Driet. Change in welght (average).
Rmvemd.l Iried.
Ll U e et Dretretaed T pereent. o e e e s e 0. 38 . 43
. ProgtateD.24+4......ccennes Dresraiged 4.2 per sent  giesias L algu tor Ll st Wy el o 30
Series 103. (July, 1907.) (vii, 80.)
The mice were fed as below for 10 days.
[Drose in mgm. per gm. monse,]
Fatal dose of mor-
phine sulphate,
Diiet. Change in weight (average).
Recoverad. | Dled.
L e et Increased &7 percent. . . ool dla il 0. 43 0. 45
b. Parathyrold 00544 ........| Decreased 6.1 Per cent . oo ooo i iiiriecinnsnaas 1] L0
¢. Progtate, 0044 ... ...... Increaged 2.6 Per CBNL. .. cousssissasisnisissssninrnss i | 3
Series 104. (Nov., 1905.) (vi, 95.)

The mice were fed as below for 8 days.

[Dose in mgm. per gm. mouse.]

Falal dose of mor-
phine sulphate.
Diet. Charge in weight (sverage).
Recovered. | Died.
gL LT e R P 1 1<t R o S R 024 0. 2%
b, Pitultary, 0.144....cc00ae. Decreased 1.3 pereenb.......coconsvsusesssnnissnsnas .16 .20
. Parathyrolds, 0.244....... e | A SR R R A [t L35
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Series 105. (Oct., 1908.) (xi, 42.)

The mice were fed as below for 9 days.

[Dose in mgnt. (er gnl. motss.]

Fatal dose of mor-
phine sulphate.
iet. Change in welght (average).
Rl:mvereﬂ.} Died,
LI o E g e Bt [ VT 1 B 1o o | e e e e S 0. 21 | 0.22
b. Bulphor 0000144, ..........] Decreased 0B percent......c.oueiiiinaaicaiioan. .30 i <20

SumMmary.—These series of experiments, although very incomplete,
admit of certain general conclusions. Thus sulphur, which protects
mice (and other animals) so markedly against acetonitrile, has no
influence upon the toxicity of morphine. Prostate distinetly lowers.
the resistance of mice to morphine; thyroid  has the same action.
Both prostate and thyroid inerease the resistance of mice to acetoni- |
trile, whereas they both lower that of rats to this poison. They
also lower the resistance of rats to morphine. From these results i
is evident that the physiological action of these two glands when |
given per os are in a number of respects similar. Parathyroid and
pituitary lowered the resistance of mice to morphine; they had a
similar effect upon the resistance of these animals to acetonitrile.
Thus toward one poison their action is similar to that of thyroid;
toward the other it is the reverse.?

The results of the experiments with milk are at first sight very con-
tradictory; in series 99 both raw and boiled milk caused a low degree |
of resistance to morphine, that with the raw milk being lower than |
that with the boiled milk. In series 100 boiled milk caused a very .
low degree of resistance,whereas raw milk caused a very high resist-
ance. On comparing these results with those obtained with ace-
tonitrile with mice of the same groups (series 17 and 26) certain
relations seem to appear. Thus in series 17 and 99 boiled milk
caused a lower degree of resistance to acetonitrile and a higher
resistance to morphine than did raw milk; in series 26 and 100 boiled
milk eaused a higher resistance to acetonitrile and a lower resistance
to morphine than did the raw milk. In other words, milk affected the
resistance of mice to acetonitrile and morphine in opposite ways.

Since thyroid also affects the resistance of mice to morphine and
acetonitrile in opposite ways, these results suggest that some of the |
effects of milk upon the resistance of mice to morphine may be due
in part to certain effects of the milk upon the thyroid; there is no
reason, however, to suppose that such an effect has more than a very
subordinate part in determining the resistance to morphine.

@ Hunt and Seidell, Bull, 47, 1909, Hygienic Laboratory, Studies on Thyroid, 1.”
b These conclusions are expressed with considerable reserve, for the experiments
were not numerous, :
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(b) EXPERIMENTS ON RATS.

That diet has some influence upon the toxicity of morphine for
rats is indicated by the following experiments:

Series 106. (Feb., 1808.)

Thirty-four rats of approximately the same age and weight were
divided into two groups of 17 each. One group was placed upon an
exclusive diet of bread and water and the other group upon a diet
of oats and water.

The following changes in weight oecurred:

— — e

Average welght.

Date. R——
Bread. (ata.
1907 fFms. fms.
R T T e e i v i B B Rkl o A e o e i o e 3. 0 . 0
1008,
0T e S e b e P fili. 01 620
T N I LT e e e i o o o & i e o 5 R A L B S B s e T4.0 (2.0
[T gl R B = s b P e T 78.0 73.0
L o | T e P B4 b 8l.3
D B D T L et s e o e e i i e B S - T B B AT it s i 1022 Ho. 8

The resistance of the rats of each group to morphine sulphate was
now determined; the results were as follows:

Bread and water:
One rat recovered from 0.3 mgm. morphine sulphate per gm. animal.
One rat recovered from 0.31 mgm. morphine sulphate per gm. animal.
One rat died from 0.33 mgm. morphine sulphate per gm. animal.
One rat died from 0.35 mgm. morphine sulphate per gm. animal.
One rat died from 0.40 mgm. morphine sulphate per gm. animal.

Oats and water:
One rat recovered from 0.3 mgm. morphine sulphate per gm. animal.
One rat recovered from 0.37 mgm. morphine sulphate per gm. animal.
One rat recovered from 0.40 mgm. morphine sulphate per gm. animal.
One rat died from 0.41 mgm. morphine sulphate per gm. animal.
One rat died from 0.45 mgm. morphine sulphate per gm. animal.

Thus the resistance of the bread-fed rats was distinetly less than
that of the oats-fed ones.

Potassium iodide to the extent of 0.1 per cent was added to the
water and the above diets continued for 2 weeks, when the resistance
of the rats to morphine was again tested; the results were as follows:

Bread and 0.1 per cent solution of potassium iodide:
One rat recovered from 0.2 mgm. morphine sulphate per gm. animal,
One rat recovered from 0.22 mgm, morphine sulphate per gm. animal.
One rat died from 0.23 mgm. morphine sulphate per gm. animal.
One rat recovered from 0.24 mgm. morphine sulphate per gm. animal.
One rat died from 0.26 mgm. morphine sulphate per gm. animal.
One rat died from 0.28 mgm. morphine sulphate per gm. animal.
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Oats and 0.1 per cent solution of potassium iodide:
One rat recovered from 0.2 mgm. morphine sulphate per gm. animal.
One rat recovered from 0.22 mgm. morphine sulphate per gm. animal.
One rat died from 0.26 mgim. morphine sulphate per gm. animal.
One rat died from 0.31 mgm. morphine sulphate per gm. animal.

The resistance of the rats of both groups to morphine sulphate was
thus distinetly diminished by the administration of potassium iodide.
The effect of the latter is thus similar to that of thyroid ® and the
explanation is probably the same, in part at least, as that of the
diminished resistance to acetonitrile of guinea pigs to which iodides
have been administered, viz, that it is an effect exerted through the
thyroid gland.® It is of inferest to note that, although the fatal dose
of morphine for both groups of rats, after the administration of
potassium iodide, was the same, the increase in the susceptibility of
the group which had received the diet of oats and water was relatively
ereater than that of the other group.

Series 107. (Mar., 1910.) (xii, 22.)

Rats were fed as below for about 7 weeks.

[Dose in mgm. per gm. rat.]

Fatal dose of
morphine.
Diet. Change in weight (average).
Regsoversd. | Died.
. Hrmﬂaﬁ parts; olive oil, 1 | Decreased 4.5 per cent (from 63.00 to 60,14 gms.). . ..o ceeeeennn.s 027
part.
b. Er. LD o = i Increpsed 05,7 per cent (from 63,00 to 123.3 gms.).. .. 0. 27 .30
....................... Increased 2.1 per cent {from 63.00 fo 77. 5Tgmg.... 27 31
ﬂ Ermd (0] PRt e A TR Las Increased 36.7 per cent (from 60014 to 82,28 gmis. ). . . . .32 a5
¢, Corn meal. . Imrﬂa.ﬁf'dlﬁ?pe‘rmntﬂmnfﬂmtu'lﬁ?mls o e e gy A2

Here again there were distinet differences in ausﬂeptlbihty to mor-
phine; these did not seem to have any rt'-lﬂtmn to changes in rate of :
growth.

SUMMARY.

1. A restricted diet markedly increases the resistance of certain
animals to acetonitrile. :

2. Guinea pigs upon a limited diet excrete a smaller percentage of
the cyanogen of acetonitrile as sulphocyanate than do those upon
an unrestricted diet. This result is interpreted as showing that cer-
tain specific processes of metabolism are retarded in partial inanition.

3. Diet has a marked effect upon the resistance of animals to cer-
tain poisons; the resistance of some animals may be increased for ty- 8
fold by changes in diet.

a Hunt and Seidell, Bull. 47, Hygienic Laboratory, p. 77.
b Hunt, Journ. Am. Med. Ass., 1907, 49, p. 1323,




89

4. Certain diets, notably dextrose, oatmeal, liver, and kidney,
greatly increase the resistance of mice to acetonitrile; their effect is
similar in this respect to the administration of thyroid.

5. The effect of an oatmeal diet in increasing the resistance of cer-
tain animals to acetonitrile is probably due in part to a specific effect
of the diet upon the thyroid gland; this is an illustration of how an
internal secretion may be modified in a definite manner by diet.

6. Diet has, in certain cases, a marked effect upon the reaction of
animals to iodine compounds; this effect is probably exerted largely
through the thyroid. The condition of the latter is more important
than the chemical form in which the iodine is administered.

7. Certain diets (notably eggs, milk, cheese, and various fats)
ereatly lower the resistance of certain animals to acetonitrile; their
effect is the opposite of that of thyroid.

8. Several glands (notably prostate, ovaries, and testes) have an
effect upon the resistance of animals to poisons similar to but much
less marked than that of thyroid. Other glands (thymus, parathy-
roid, suprarenals) have either no effect or an effect opposite to that
of thyroid.

9. The resistance of animals to propionitrile is markedly influenced
by diet.

10. Diet causes distinet but not very marked differences in the
resistance to morphine.

11. Season has an important effect upon the resistance of animals
to certain poisons; in some cases these effects seem to depend upon
seasonable variations in the activity of the thyroid.

12. The experiments show that foods such as enter largely into the
daily diet of man have most pronounced effects upon the resistance
of animals to several poisons; they produce changes in metabolism
which are not readily detectable by methods ordinarily used in
metabolism studies. The ease and rapidity with which certain
changes in function are caused by diet are in striking contrast with
the essentially negative results obtained by the chemical analyses of
animals fed upon different diets.

@ Compare Steinitz, Jahrb. f. Kinderheilk., 1904, 59, p. 447; Mendel, Biochemische
Zeitsch., 1908, 11, p. 281.



LIST OF HYGIENIC LABORATORY BULLETINS OF THE PUBLI
HEALTH AND MARINE-HOSPITAL SERVICE.

The Hygienic Laboratory was established in New York, at the Marine Hospital o
Staten Island, August, 1887. It was transferred to Washington, with quarters in the
Butler Building, June 11, 1891, and a new laboratory building, located in Washington,
was authorized by act of Congress, March 3, 1901.

The following bulletins [Bulls. Nos. 1-7, 1900 to 1902, Hyg. Lab., U. 8. Mar.-Hosp,
Serv., Wash.] have been issued: :

*No. 1.—Preliminary note on the viability of the Bacillus pestis. By M. J. Rosenay

No. 2.—Formalin disinfection of baggage without apparatus. By M. J. Rosenau.

*No. 3. —Sulphur dioxid as a germicidal agent. By H. D. Geddings.

*¥No. 4.—Viability of the Bacillus pestis. By M. J. Rosenau.

No. 5.—An investigation of a pathogenic microbe (B, typhi murium Danyz) applied
to the destruction of rais. By M. J. Rosenau. 1

*No. 6.—Disinfection against mosquitoes with formaldehyde and sulphur dioxid
By M: J. Rosenau. 1

No. 7.—Laboratory technique: Ring test for indol, by S. B. Grubbs and Edward
Franeis; Collodium sacs, by 8. B. Grubbs and Edward Francis; Microphotography
with simple apparatus, by H. B. Parker.

By act of Congress approved July 1, 1902, the name of the “United States Ma

the United States,”” and three new divisions were added to the Hygienic Laboratory

Since the change of name of the service the bulleting of the Hygienic Labora
have been continued in the same numerical order, as follows:

*No. 8.—Laboratory course in pathology and bactericlogy. By M. J. Rose
(Revised edition, March, 1904.)

*No. 9.—Presence of tetanus in commercial gelatin. By John F. Anderson.

No. 10.—Report upoen the prevalence and geographic distribution of hookworm dig
ease (uncinariasis or anchylostomiasis) in the United States. By Ch. Wardell Stiles,

*No. 11.—An experimental investigation of Trypanosoma lewisi. By Edwand
Francia.

*No. 12.—The bacteriological impurities of vaccine virus; an experimental s
By M. J. Rosenau. -

*No. 13.—A statistical study of the intestinal parasites of 500 white male patients ai
the United States Government Hospital for the Insane; by Philip E. Garrison, Bray-
ton II. Ransom, and Earle C. Stevenson. A parasitic roundworm (Agamomermi
culicis n. g, n. sp.) in American mosquitoes ( Culer sollicitans); by Ch. Wardell Stiles
The type species of the cestode genus Hymenolepis; by Ch. Wardell Stiles.

No. 14.—Spotted fever (tick fever) of the Rocky Mountains; a new disease.
John F. Anderson. .

No. 16.—Inefliciency of ferrous sulphate as an antiseptic and germicide. By Allan
J. McLaughlin.

*No. 16.—The antiseptic and germicidal properties of glycerin. By M. J. Rosenau,

¥No. 17.—Illustrated key to the trematode parasites of man. By Ch. Wardell Stiles,
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*No. 18.—An account of the tapeworms of the genus Hymenolepis parasitic in man,
including reports of several new cases of the dwarf tapeworm (H. nana) in the United
States. By Brayton H. Ransom.

#No. 19.—A method for inoculating animals with precise amounts. By M. .
Rosenau.

*No. 20.—A zoological investigation into the cause, transmission, and source of
Rocky Mountain “‘spotted fever.”” By Ch. Wardell Stiles.

No. 21.—The immunity unit for standardizing diphtheria antitoxin (based on
Ehrlich’s normal serum). Official standard prepared under the act approved July
1, 1902. By M. J. Rosenau.

#No. 22.—Chloride of zinc as a deodorant, antiseptic, and germicide. By T. B.
McClintic.

*No. 23.—Changes in the Pharmacopeia of the United States of America. Eighth
Decennial Revision. By Reid Hunt and Murray Galt Motter.

No. 24.—The International Code of Zoological Nomenclature as applied to medi-
cine. By Ch. Wardell Stiles. .

No. 25.—Illustrated key to the cestode parasites of man. By Ch. Wardell Stiles.

No. 26.—0n the stability of the oxidases and their conduct toward various reagents.
The conduct of phenolphthalein in the animal organism. A test for saccharin, and
a simple method of distinguishing between cumarin and vanillin. The toxicity of
ozone and other oxidizing agents to lipase. The influence of chemical constitution
on the lipolytic hydrolysis of ethereal salts. By J. H. Kastle.

No. 27.—The limitations of formaldehyde gas as a disinfectant with gpecial refer-
ence to car sanitation. By Thomas B. McClintic.

*No. 28— A statistical study of the prevalence of intestinal worms in man. By
Ch. Wardell Stiles and Philip E. Garrison.

*No. 20.—A study of the cause of sudden death following the injection of horse
serum. By M. J. Rosenau and John F. Anderson.

No. 30.— 1. Maternal transmission of immunity to diphtheria toxine. II. Maternal
transmission of immunity to diphtheria toxine and hypersusceptibility to horse gerum
in the same animal, By John F. Anderson.

No. 31— Variations in the peroxidase activity of the blood in health and disease.
By Joseph H. Kastle and Harold L. Amoss.

No. 32.—A stomach lesion in guinea pigs caused by diphtheria toxine and its
bearing upon experimental gastric ulcer. By M. J. Rosenau and John F. Anderson.

No. 33— Studies in experimental aleoholism. By Reid Hunt.

No. 34.—1. Agamaofilaria georgiana n. sp., an apparently new roundworm parasite
from the ankle of a negress. II. The zoological characters of the roundworm genus
Filaria Mueller, 1787, 1II. Three new American cases of infection of man with
horsehair worms (species- Paragordius varius), with summary of all cases reported to
date. By Ch. Wardell Stiles.

*No. 35.— Report on the origin and prevalence of typhoid fever in the District of
Columbia. By M. J. Rosenau, L. L. Lumsden, and Joseph H. Kastle. {Including
articles contributed by Ch. Wardell Stiles, Joseph Goldberger, and A. M. Stimson.)

No. 36— Further studies upon hypersusceptibility and immunity. By M. I.
Rosenau and John F. Anderson.

No. 37.—Index-catalogue of medical and veterinary zoology. Subjects: Trema-
toda and trematode diseases. By Ch, Wardell Stiles and Albert Hassall.

No. 38.—The influence of antitoxin upon post-diphtheritic paralysis. By M. J.
Rosenau and John F. Anderson.

No. 39.—The antiseptic and germicidal properties of solutions of formaldehyde
and their action upon toxines. By John F. Anderson.

No. 40.—1. The oceurrence of a proliferating cestode larva (S parganum proliferum)
in man in Florida, by Ch. Wardell Stiles. 2. A reexamination of the type specimen
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of Filaria restiformis Leidy, 1880=Agamomermis restiformis, by Ch. Wardell Stiles,
3. Observations on two new parasitic trematode worms: Homalogaster philippinensis
n. sp., Agamodisiomum nanus n. sp., by Ch. Wardell Stiles and Joseph Goldberger,
4. A reexamination of the original specimen of Tania saginata abietina (Weinland,
1858), by Ch. Wardell 8tiles and Joseph Goldberger.

*No. 41.—Milk and its relation to the public health. By various authors.

No. 42,—The thermal death points of pathogenic micro-organisms in milk. By
M. J. Rosenau,

No. 43.—The standardization of tetanus antitoxin (an American unit established
under authority of the act of July 1, 1902). By M. J. Rosenau and John F. Anderson,

No. 44.—Report No. 2 on the origin and prevalence of typhoeid fever in the District
of Columbia, 1907. By M. J. Rosenau, L. L. Lumsaden, and Joseph 1. Kastle, ;

No. 45.—Further studies upon anaphylaxis. By M. J. Rosenau and John F,
Anderson.

No. 46.—Hepatozoon perniciosum (n. g., n.sp.); a hemogregarine pathogenic for
white rats; with a deseription of the sexual eycle in the intermediate host, a mite
( Lelaps echidninus). By W. W, Miller.

No. 47.—8Studies on Thyroid: I. The relation of iodine to the physiological activity
of thyroid preparations. By Reid Hunt and Atherton Seidell.

No. 48.—The physiological standardization of digitalis. By Charles Wallis Ed-
munds and Worth Hale. i

No. 49.—Digest of comments on the United States Pharmacopeia. Eighth decen-
nial revision for the period ending December 31, 1905. DBy Murray Galt Motter and
Martin I. Wilbert.

No. 50.—Further studies upon the phenomenon of anaphylaxis, By M. J. Rosenau
and John F. Anderson.

No. 51.—Chemical tests for blood. By Joseph H. Kastle.

No. 52.—Report No. 3 on the origin and prevalence of typhoid fever in the District
of Columbia. By M.J. Rosenau, L. L. Lumsden, and J. H. Kastle,

No. 53.—The influence of certain drugs upon the toxicity of acetanilide and anti-
pyrine. By Worth Hale.

No. 54.—The fixing power of alkaloids on volatile acids and its application to the
estimation of alkaloids with the aid of phenolphthalein or by the Volhard method.
By Elias Elvove.

No. 55, —Quantitative pharmacological stndies; adrenalin and adrenalin-like bodies.
By W. II. Schultz.

No. 56.—Milk and its relation to the public health. By various authors.

No. 57.—I1. The presence of tubercle bacilli in the circulating blood in clinical and
experimental tuberculosis. By John I, Anderson. 11. The viability of the tubercle
bacillue. By M. J. Rosenau.

No. 58.—Digest of comments on the Pharmacopeeia of the United States of America
{eighth decennial revigion) and the National Formulary for the period ending Decem-
ber 31, 1906. By Murray Galt Motter and Martin I. Wilbert.

No. 59.—The oxidases and other oxygen catalysts concerned in biological oxida-
tion, By Joseph Hoeing Kastle.

No. 60.—A study of the anatomy of Watsonius (n. g.) Watsoni of man, and of 19
allied species of mammalian trematode worms of the superfamily Paramphistomoidea.
By Ch. Wardell Stiles and Joseph Goldberger.

No. 61.—Quantitative pharmacological studies: Relative physiological activity of
some commercial solutions of epinephrin. By W. H. Schultz. |

No. 62.—The taxonomic value of the microscopic structures of the stigmal plates
in the tick genus Dermacentor. By Ch. Wardell Stiles.
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No. 63.—Digest of comments on the Pharmacopeeia of the United States of America
eighth decennial revision) and the National Formulary (third edition) for the calendar
r ending December 31, 1907. By Murray Galt Motter and Martin I. Wilbert.

No. 64.—8tudies upon anaphylaxis with special reference to the antibodies con-
rmed. By John F. Andersonand W. H. Frost.

No. 65.—Facts and problems of rabies. By A. M. Stimson.

No. 66.—I. The influence of age and temperature on the potency of diphtheria anti-
xin. By John F. Anderson. I1. An orzanism (Pseudomonas protea) isolated from
ater, agglutinated by the serum of typhoid fever patients. By W. H. Frost. ILL
Some considerations on colorimetry, and a new colorimeter. By Norman Roberts.
IV. A gas generator, in four forms, for laboratory and technical use. By Norman

Roberts.
No. 67.—The solubilities of the pharmacopeeial organic acids and their salts. By

Atherton Seidell.
No. 68.—The bleaching of flour and the effect of nitrites on certain medicinal gub-

stances. By Worth Hale.
No. 69.—The effects of a restricted diet and of various diets upon the resistance of

animals to certain poisons. By Reid Hunt.
In citing these bulletins, beginning with No. 8, bibliographers and authors are
requested to adopt the following abbreviations: Bull. No. , Hyg. Lab., U. 8.

Pub. Health & Mar. Hosp. Serv., Wazh., pp. :

MAILING LIST.

The Service will enter into exchange of publications with medical and scientific
organizations, societies, laboratories, journals, and authors. ALL APPLICATIONS FOR
THESE PUBLICATIONS SHOULD BE ADDRESSED TO e “Surgeon-General, U. S.
Public Health and Marine-Hospital Service, washington, D. C., EXCEFT
THOSE MARKED ().

The editions of the publications marked (*), available for distribution by the
Surgeon-General of the Public Health and Marine-Hospital Service, have been
exhausted. Copies may, however, be obtained from the Superintendent of Docu-
ments, Government Printing Office, Washington, D. C., who gells publications at
cost, and to whom requests for publications thus marked ghould be made.
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