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BRAINS AND BRAIN PRESERVATIVES.

By ALES HRrpLICKA,
Assistant Curator, Divigion of Physical Anthropology.

PART 1.

PHYSICAL CHANGES IN HUMAN AND OTHER BRAINS COLLECTED
UNDER DIFFERENT CONDITIONS AND PRESERVED IN VARIOUS
FORMALIN PREPARATIONS.

Anatomical and anthropological investigations on the brain to
determine the homologies and differences in the organ and all its parts,
between man and other animals, and between races and other groups
of mankind, make large collections of brains necessary. Such collec-
tions imply the use of means by which the brains can be kept indefi-
nitely in good condition for study. An ideal means would be one
which would allow every specimen to preserve its form, size, weight,
and all macroscopical as well as minute features. The need for such
an agent has long been felt and led from dry preparations to the use
of various liquid preservatives, among which, subsequently to the
introduction of that chemical in 1894 by Blum, have been solutions
containing formaldehyde.

The commercial solutions of formaldehyde, known ordinarily as
formol, or formalin, have, even when much diluted, the quality of
rapidly penetrating and hardening brain tissue, allowing but little
alteration in the form of the organ and preserving much of its color.
Furthermore, when hardened, specimens can be kept in the formalin
solution without further noticeable change quite indefinitely and the
preservative is not expensive. The chemical, however, is not wholly
without objections; some persons are affected adversely by its fumes,
the volume and weight of the brain are increased somewhat in its
solutions, and it does not serve best the purposes of histology; yet the
other advantages of formalin are so great that, until something more
efficient  be discovered, it can not well be dispensed with for brain
preservation.
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Efforts have been made to correct the faults of formalin by the
addition of other substances to its solutions, or by following these,
after the desired hardening of the hrain had been effected, with other
preservatives. It has been combined with or followed by various pro-
portions of alcohol (Parker & Floyd, Marie, Gerota, etc.), potassium
bichromate, or Miiller’s fluid (Diedrichs, G. Retzius), glycerin (Lan-
zillotti-Buonsanti, Chencinski), sodium acetate with sodium chloride
and aleohol (Stroud, Wilder), sodium chloride and zinc chloride (Fisk),
sodium chloride alone (Spitzka), and bichloride of mercury.® All of
these combinations have been reported upon favorably. The effects
of several formalin solutions have been observed ® with some detail,
but of no single solution do we possess exact and sufficiently detailed
data as to its action on the brain, especially physically, and its action
on the hrains of persons of different ages, or on those of ditferent
animals, or finally on those collected under widely different conditions
of the organ, or of temperature. Yet it is important to be acquainted
with such facts. It is desirable to know which really is the best solu-
tion or combination for at least most of the specimens, so that such a
preparation alone may bhe used. Sucb knowledge would tend to bring
about not only a much-desired unity of procedure, but also a general
understanding, at any stage. of the state of our material, so far as
formalin preservation is concerned. The use of a single solution with
well-known effects would regulate our records and methods, and allow
of a degree of accuracy in weight determinations and measurements
not now possible.

With these facts in mind, and remembering the excellent work by
Donaldson in 1894 on the physical changes in the brain produced by
various preservatives in use before the introduction of formalin, the
writer, in establishing a brain collection in the Department of Anthro-
pology of the United States National Museum, has endeavored to make
a series of tests with several solutions, the main component of which
was Merck's formalin.

The material accruing to the brain collection of the Museum is
heterogencous, ranging from man’s brains” to those of the lowest
mammals,” and from aged individuals to embryos, hence it was par-
ticularly suitable for experiments. Besides this it is always possible

a $till other compositions were employed for the purposes of histology and pathol-
ogv—see summary in Tellyesnitzki. Special methods, also, having no bearing on
the theme of this paper, were devised for the preservation of the natural color of
various organs.

b See Dexler, p. 382, after Flatan; records of the weight of the brain in 1 per cent,
5 per cent, and 10 per cent formalin solutions in 1, 3, 30, 90, 150, and 450 days.

< Of these, unfortunately, not a sufficient number were received in good condition
during the progress of the experiments.

d The term “mammal’’ ir used, for want of a hetter term, throughout this paper
as a designation for other mammals than man.
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in a city to obtain in fresh condition large numbers of heads of
slanghtered animals. Utilizing both resources, a double plan was fol-
lowed. A number of different formalin solutions was made up, some
in concentrations used by other workers and a few empirically as to
strength, and each solution was used on a series of brains as they were
received, including specimens of every nature. The second proced-
ure was to obtain a large number of brains, as far as possible in the
same condition, from some one fair-sized animal, and to subject uni-
form series of such brains to the action of different solutions. The
results of this latter inquiry appear in the second part of this puper.

There are numerous factors which, as Donaldson has already shown,
affect the changes in the brain in the same solution. One of these is
the degree of freshness of the brain; another is the temperature of
the air (large differences); and still another is the presence or absence
of the soft membranes. Only the last of these conditions was capable
of being fully regulated in the National Museum collection. The
subjects from which brains are here obtained come from different
sources, and it is impossible to get all the brains equally fresh; and as
to cold and heat, the collecting continues throughout the year, and the
laboratories are not so fitted as to keep up an even temperature. Yet
no specimens were included in the tests that ware sufliciently advanced
in decomposition to make their hardening and preservation doubtful;
and the changes of temperature in the laboratory where the brain col-
lection is stored would not exceed 40~ F. as the maximum in the
course of the year. The brain was always laid into the preservative
with the soft membranes intact or but slightly injured.

The regular procedure in cases of the first category was as follows:
The brain, being extracted without the dura mater, was immediately
weighed: the solution in which it was to be laid was prepared before-
hand; a layer of absorbent cotton was placed on the bottom of the
glass jar to be used, and a quantity of the preservative poured in; the
brain was then placed into the solution, with its base downward on the
cotton, so as to rest casily (the cerebellum and cerebrum in the larger
brains being separated by a thin layer of cotton), and a suflicient quan-
tity of the preservative was added to rise 1 to 14 inches above the speci-
men. The jar was then closed, labeled, and placed on a shelf, where
it remained for one week. No injection through the arteries or into
the ventricles was practiced, because it would have been impossible
with all the specimens, and it was not found essentiul. On the eighth
day the brain was taken out, drained in a fixed manner, and then
weighed; the old cotton and solution were replaced with new, in same
quantity, the brain was put back into the jar and placed again on the
shelf. One month after receiving the specimen the same procedure
was repeated. Other weighings were taken in some cases, during as
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well as after the first month, with always the same method of drainage,
but without a change of solution.

The method of draining steadily adhered to and applicable to speci
mens of all sizes, is to take the brain carefully into one or both hands,
and then swing the arms with a somewhat rapid motion from fore
backward, by which most of the liquid attached to the brain is thrown
off; this takes only a brief time, after which the brain is placed for
five minutes upon a dry cotton towel. This procedure gives a good
and fairly uniform drainage, and is preferable to the use of funnels.

In the second category of cases one of several additional procedures
introduced was proportioning the quantity of the preservative, in
cubic centimeters, to the weight of brains, in grams.

The solutions chosen for the specimens here dealt with were 3 per
cent, 5 per cent, 10 per cent, and 15 per cent formalin (commercial
solution of formaldehyde) in distilled water; two solutions of for-
malin, 5 per cent, to which was added salt, in one case enough to raise
the specific gravity to 1,035,% and in the other to 1,030; and in addi-
tion the writer used several combinations of formalin with solutions of
ordinary alum (potassium and aluminium sulphate), which was chosen
for its astringent effects on organic tissues. In two series a saturated
solution of alum® was mixed with one part of water, and in another
with two parts of water.

The changes to which most attention was paid, and which probably
represent best the physical changes, were, as with Donaldson, and
Flatau, those of weight. The general and specific results follow:

The changes in the weight of brains in all the mixtures showed
(1) @ characteristic type for every solution, and (2) a noticeable variation
Jor every solution. 4

(1) In every solution the first three to five days were with all brains
the period of the most rapid changes in weight. In probably all of
the solutions here reported upon, and with all brains, there was an
initial stage of gain. This reached more or less promptly its maxi-
mum, and was followed by a general, long-continuing loss. A period
of stability was established but slowly. So far as the observations
went (two years), absolute stability in weight of the specimens was not
reached. In every solution the daily changes in the brain weight
formed a characteristic curve. This will be better illustrated in
Part II.

In all the simple solutions of formalin in water, up to 15 per cent of
the former (the strongest tested), the initial gain was well marked.

- It was larger with the weakest solution and decreased as the propor-

a Near the specific gravity of the whole brain; after Spitzka.

b A saturated solution of alum was prepared by placing an excess of that salt in a
large jar of water, stirring well, allowing the mixture to stand at ordinary tempera-
ture for several days, and filtering just before using.
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tion of formalin increased, which showed that the effect of formalin on
the brain was to hinder its enlargement (apparently due to water
alone) and probably, in addition, to promote the loss of some of the
constituents of the organ. After the culmination of the process of
gain, which, as shown by further experiments, was always completed
before nine days, a gradual progressive loss followed, which in per-
centage was alike with the different solutions. The ultimate weight
of the brain depends, in consequence of this similarity of loss, very
largely on the height of the initial rise in weight. If this had been
large, as with the 3 per cent solution, the ultimate w elght (within two
years) would still be above the ongmal but if the gain was smaller,

as with the 15 per cent formalin solution, the ultimate weight of the
specimen would be found more or less below its weight immediately
after extraction from the skull.

Whenever a marked increase in the weight of the brain took place,
there was also a noticeable increase in its volume.

The effect of adding alum or salt to formalin solutions was to
decrease or, with larger quantities, almost entirely to do away with the
initial gain, and to augment the subsequent absolute loss of brain weight.’
The percentage of the loss in weight, however, remained related to
that in the simple formalin solutions. Simultaneously with the loss of
weight in the stronger concentrations was also visible a decrease in
the volume of the organ. No direct relation was found between
these phenomena and the specific gravity of the solutions. It appears
that alum, sodium chloride, and, according to more recent experiences,
other salts also, as well as alcohol, act on the brain physically much like
greater proportions of formaldehyde; hence the use of such means
with formalin permits the obtaining of similar physical results with
correspondingly smaller proportions of this chemical.

Arenewal of the preservative generally affected slightly the changes
in the brain, causing a temporary rise in weight.

As to the rapidity of hardening and other visible changes in the
brain, the differences between the several liquids were not great. A
moderate toughening of the brain was in every one of the preserva-
tives observable on the second day, and a good bardening, with fresh
adult specimens, was generally reached within a week. In the salt-
formalin solution the brains were, at least for a time, slightly softer,
in the alum-formalin solution slightly more resistant, than those pre-
served in simple solutions of formalin of the same strength. A higher
percentage of formalin was favorable to a more rapid and perhaps a
slightly greater hardening. On the whole, should one be given speci-
mens of the same size, but each hardened in a different solution of
those here dealt with, after they had lain a few months in the liquid,
it would be quite impossible by the hardening alone, as perceptible
through the unaided touch, to distinguish any of the preparations.
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The hardening of small mammal and bird brains was effected much
like that of the larger specimens. In hardening foetal human brains,
the best results were obtained by the aid of stronger alum solutions.

The color of the brain (except =o far as it may be due to hemoglobin,
which is bleached) was affected but little by any of the solutions em-
ployved. Sodium chloride produced a lighter color or bleaching of the
tissues: alum a slightly grayish tinge of the surface.  Alum was more
effective than salt in showing the differentiation of the gray and
white matter.

(2) With all the care exercised, the ratio of change in any given series
in which the same preservative had been used was not uniform. A
large portion of the irregularity must be attributed to the physical
status, and some probably to the chemical condition of the organ.
When the two halves of any brain were treated in the same preserva-
tive, the results were always much alike.

The physical condition of the brain includes its size and the quan-
tity of blood or other liquids it may contain.  T'he size of the brain has
been found in general to have a pronounced influence upon the weight
iand volume changes in the organ.  The larger the brain, the smaller
the per gram changes, and the opposite.  While there are individual
exceptions, the cases conforming to the rule (see detail tables) ave too
numerous to leave any doubt on this point.  What the causes of this
phenomenon arve is not vet clear, though presumably the larger brains
have a firmer structure- that is, could hetter resist absorption®—and
the very small brains are of necessity preserved in relatively much
larger quantities of fluid, which may aid solution. It is possible that
it is mainly if not entirely the size which accounts for the differences
hetween the changes in three principal series of brains —those of human
heings, of mammals, and of birds-—but thix needs further experimenta-
tion before a final decision can be obtained.

The degree of brain congestion must be a factor atfecting the brain
changes, but not enough specimens came to hand to throw much light
on this point.  Theoretically. a congested brain ought to gain less and
lose more than a normal one, in any preservative.  Higher degrees of
congestion, not uncommon in human specimens, are rare in other
larger mammals and are practically never met with in the smaller
animals.

Besides the ditferences in the changes of various brains in the same
preservative, accountable for by marked differences in the physical
characteristics of the organ, others are met with harder to explain.
In some instances, as with Lepus cuniculus, Cathartes aura, and a few
others (sec detailed lists), there is a suggestion that the ditference

«In a number of instances the hemispheres of small brains, preserved in weak for-
malin solution (1 or 2 per cent) in the laboratory, have burst through the great
absorotion.
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or three solutions of different concentration for brains of widely ditfer-
ent mass would seem to be needed.

Highly diluted (less than 5 per cent) and again highly concentrated
(over 15 per cent) formalin solutions, and large additions of salts, are
disadvantageous and ought not to be employed.

Addition of alum to the formalin solution favors the process of hard-
ening, and is to be recommended in preserving brains of the young,
particularly of human fwetuses.

Among the numerous points left to be determined are the effects of
additional solutions, the influence of different quantities of the pre-
servative, and the exact daily changes during the first month at least
in the specimens. Experiments made in the laboratory during the
past summer with fifteen series of sheep brains and reported in Part
I1, will throw some light on these matters.

The changes in individual brains of this first series are given in the
following tables:
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PART II.

PHYSICAL CHANGES IN SHEEP BRAINS COLLECTED AND PRE-
SERVED UNDER SIMILAR CONDITIONS IN VARIOUS FORMALIN
PREPARATIONS.

The first part of this paper dealt with the effects of formalin pre-
servatives on the weight of human, other mammal, and bird brains,
adult as well as young, collected under various conditions. The results
in any solution, although more or less characteristic for that particu-
lar liquid, were by no means uniform. It was found that, in general,
the changes in the large brains were less than in the small ones, and
those in the adult less than in the young. Some of the differences
may eventually be found to be those of species or larger subdivisions
of the animal kingdom; but heyond all this there was seen a consider-
able and unaccountable variation. This element was recognized long
before the first experiments were completed. It rendered desirable
a separate series of observations on the brains of some fair-sized animal,
collected equally fresh, extracted and subsequently treated in the same
manner, and kept in proportionately the same quantities of the preserv-
ative. Under such conditions the action of the various preservatives
should be much clearer and more comparable, and the differences in
the changes be reduced to the minimum; if noticeable disagreements
still existed, they would point to differences in the structure of the
brains or in their chemical composition.

It became possible to undertake the series of experiments during
the early part of the summer just past. An arrangement was made
with one of the city butchers to deliver every morning a small series
of beads of sheep killed the night preceding. The brains, with the
help of the laboratory aid, Mr. Docekal, were extracted in as short a
time as possible and in the same manner (see Part I), then weighed and
placed in a proportioned quantity of the preservative. Fifteen series
were determined upon and the specimens were secured in a little over
two weeks, during quite uniformly warm weather. Every series
except two, which were smaller, consisted of eleven brains. Ten of
the specimens were placed in a quantity of the preserative amount-
ing to 3 c. ¢. for each gram weight of the specimen, while with one
the quantity to the grum was made 6 c. ¢. Of the brains in 3 c. c. to
the gram liquid, one of about average dimension was weighed every
day the same hour, while the remaining nine and also the eleventh
specimen were weighed at the end of seven and again at the end of
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thirty days. Other weighings, as indicated in the detail tables, were
taken thereafter. At the end of the seventh and the thirtieth day the
solution and cotton were changed, as is done with all specimens in the
museum collection. The drainage of each specimen was as uniform
as practicable by the method outlined in the first part of this paper.
The solutions employed were:
1. Three per cent formalin.
Five per cent formalin.
Ten per cent formalin.
Fifteen per cent formalin.
Saturated solution of common salt with 5 per cent formalin.
1,030 sp. gr. common salt solution with 5 per cent formalin.
1,015 sp. gr. common salt solution with 5 per cent formalin.
Saturated solution of alum with 5 per cent formalin.
9. One-third saturated solution of alum with 5 per cent formalin.
10. One-fifth saturated solution of alum with 5 per cent formalin.
11. One-third saturated solution of alum with common salt up to sp.
gr. 1,030, with 10 per cent formalin.
12. Saturated solution of alum with 5 per cent formalin.
13. Eighty parts of 95 per cent alcohol and 20 parts of 5 per cent
formalin.
14. Sixty-five parts of 95 per cent alcohol and 35 parts of 3 per cent
formalin (near that of Parker & Floyd). '
15. Sodium acetate 130 grams, sodium chloride 110 grams, formalin
20 c. c., 95 per cent, alcohol 460 c. c., water 540 ¢. c. (Stroud, Wilder).
The results, in detail, were as follows:

Sl el

THREE PER CENT FORMALIN.

End of first week: The weight of brains in the 3 c. c. to the gram
solution had risen in average 21 per cent, or over one-fifth of the
original. Variation: From 118.55 per cent (specimen of 102 grams
original weight) to 123.9 per cent (specimen of 102.5 grams)=5.37
per cent. The two heaviest brains (117.5 and 110.5 grams) gained,
respectively, 20 and 18.55 per cent in weight, the two lightest ones
(94 and 93.2 grams) 20.2 and 22.1 per cent. The brain in the 6 c. c.
to the gram solution (100.5 grams original weight) increased 18.9
per cent, less than any other except one of the heaviest specimens,
and the one weighed every day, which may have been affected thereby.

End of first month: Weight of five of the nine brains in the 3 c. c.
to the gram solution is very slightly greater (4-0.08 to +0.44 per
cent); of three, slightly smaller (—0.42 to —1.15 per cent), and of
one, equal. Variation: From 117.19 to 124.02 per cent®=6.8 per cent.
The changes were not quite harmonious with those of the first week,
or proportionate to the weight of the specimens. The brain in the 6

@ As compared with original weight.
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c. c. to the gram solution lost most and is now relatively the lightest
of the whole series, excepting the one weighed every day.

The brain weighed daily showed a great gain during the first day,
reached maximum on the fifth, and began to decline on the seventh;
after change of solution it rose during two days, and then again began
to lose, which was repeated identically after the one-month change.

FIVE PER CENT FORMALIN.

End of first week: Weight of brains in 3 c. c. to the gram solution
had risen in average 17.9 per cent, or a little over one-sixth of the
original. Variation: From 116.12 (specimen of 119.7 grams original
weight) to 120 per cent (specimen of 99 grams original weight)=3.88
per cent. The two heaviest brains (119.7 and 117 grams) gained,
respectively, 16.1 and 18.4 per cent in weight, the two lightest ones
(98.5 and 95.5 grams) 17.8 and 19.4 per cent. The brain in the 6 c. c.
to the gram solution (100.5 grams original weight) had risen 18.9 per
cent; that weighed every day 17.8 per cent.

End of first month: Only one specimen showed a slight gain (41.08
per cent), while in eight there was a loss (—0.36 to —2.39 per cent).
Variation: From 113.87 to 119.66 per cent=5.79 per cent. The
changes were not quite harmonious with those of the first week, or
proportionate to the weight of the specimen. The brain in the 6 c. c.
to the gram solution lost 2.09 per cent, that weighed daily 2.39 per
cent of weight, both above the average.

The brain weighed daily gained much on the first day, reached a
maximum on the fourth day, declined slowly to seventh, rose after
change of solution during two days, fell gradually to the end of the
first month, then, after a change of solution, rose one day and has been
slowly losing since. '

TEN PER CENT FORMALIN.

End of first week: Weight of brains in 3 c. ¢. to the gram solution
had risen in average 15 per cent, or nearly one-seventh of the original.
Variation: From 112.84 (original weight, 97.5 grams) to 116.87 per cent
(original weight, 80 grams)==4.03 per cent. The two heaviest brains
(112 and 110.5 grams) gained, respectively, 14.73 and 15.38 per cent,
the two lightest (96.5 and 80 grams) 15.54 and 16.87 per cent. The
brain in the 6 c. c. to the gram solution (125 grams original weight)
gained but 14 per cent of weight, that weighed daily (102 grams orig-
inal weight) 16.17 per cent.

End of first month: The weight of one of the nine specimens in 3
c. c. to the gram solution has very slightly (4-0.45 per cent) increased,
that of the other eight slightly to moderately (—1.07 to —38.29 per
cent) decreased. Variation: From 110.31 to 115.63 per cent=5.32
per cent. The changes did not quite harmonize with those of the first
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week nor were they proportionate to the weight of the specimens.
The brain in the 6 c. c. to the gram solution lost 1.05 per cent in
weight, that weighed daily 3.38 per cent.

Changes in the brain weighed every day: Considerable rise the first
twenty-four hours, continuation of rise until the sixth day, then slow
decline; a moderate rise of two days’ duration after the first and of
one day after the second change of solution. :

FIFTEEN PER CENT FORMALIN.

End of first week: Weight of specimens in 8 ¢. c. to the gram solution
had risen in average nearly 13 per cent, or one-eighth of the original.
Variation: From 107.61 (original weight, 98.5 grams) to 116.48 per
cent (original weight, 91 grams)=8.87 per eent. The two heaviest
brains (119 and 111.8 grams) gained, respectively, 12.1 and 13.5 per
cent, the two lightest ones (94 and 91 grams) 11.7 and 16.4 per cent.
The brain in the 6 c. c. to the gram liquid (original weight, 97 grams)
gained but 9.08 per cent, less than any of the above with one excep-
tion, that weighed daily (original weight, 105.5 grams) gained but 8.53
per cent.

End of first month: Weight of all the nine specimens in 8 ¢. ¢. to
the gram solution has diminished (—0.88 to 2.31 per cent). Variation:
From 105.58 to 115.38 per cent=9.8 per cent. The changes are
fairly harmonious with those of the first week, but are not propor-
tionate to the weight of the specimens. The brain in the 6 c. c. to the
gram solution lost 5.95 per cent, much more than any of the above,
that weighed daily 3.49 per cent, also more than any of those in similar
quantity of solution but weighed less frequently.

Changes in the brain weighed daily: A moderate rise in weight
during the first twenty-four hours, maximum of rise on fourth day,
then slow, continuing loss; one day’s rise after each change of solution.

SATURATED SOLUTION OF SODIUM CHLORIDE, WITH 5 PER CENT
FORMALIN.

End of first week: Weight of brains in the 3 ¢. ¢. to the gram solu-
tion had diminished in average by 7 per cent, or one-fourteenth of the
original. Variation: From 90.33 (original weight, 95.2 grams) to
95.19 per cent (original weight, 104 grams)=+.86 per cent. The two
heaviest brains (107.7 and 105 grams) lost, respectively, 6.6 and 5.72
per cent; the two lightest (89.7 and 84.5 grams) 5.8 and 5.9 per cent,
The specimen in the 6 c. ¢. to the gram solution (original weight, 95.5
grams) lost 6.8 per cent, that weighed every day 7.9 per cent.

End of first month: Weight of all nine brains in the 3 c. c. to the
gram solution decreased (—3.15 to 5.23 per cent). Variation: From
85.61 to 91.82 per cent=6.2 per cent. The decrease was quite alike
in most of the nine specimens and harmonized somewhat with that of
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the first week, but was not proportionate to the original weight. The
brain in the 6 ¢. c. to the gram solution fell to 90.05 per cent of origi-
nal weight; after which it diminished until it became relatively the
lightest of all; that weighed every day was damaged and discarded at
first change.

1,030 SPECIFIC GRAVITY SODIUM CHLORIDE SOLUTION WITH 5 PER
CENT FORMALIN.

End of first week: Two of the nine brains in the 3 c. ¢. to the gram
solution showed a slight increase, seven a slight decrease. in weight.
Variation: From 93.86 (original weight, 106 grams) to 104.2 per cent
(original weight, 107 grams)=10.34 per cent. The two heaviest brains
(112 and 107 grams) gained, respectively, 2.68 and 4.2 per cent, the two
lightest (95 and 94 grams) lost 1.58 and 3.73 per cent in weight. The
brain in the 6 c. c. to the gram solution (original weight, 105 grams)
lost 5.72 per cent, more thun any of the above but one, and that
weighed every day (original weight, 103 grams), lost 2.92 per cent in
weight.

End of first month: All the brains in the 3 c. c. to the gram solu-
tion lost slightly in weight after the end of the first week (—1.3 to
—3.72 per cent), but two are still slightly heavier than originally.
Variation: From 92,45 to 102.33 per cent=9.88 per cent. The changes
were not wholly harmonious with those during the first week, or pro-
portionate to the weight of the specimens. The brain in the 6 c. c. to
the gram solution lost more than any but two of the above (2.02 per
cent) and is now relatively the lightest; that weighed every day lost 3
per cent and is now also among the relatively lightest specimens.

Changes in the brain weighed daily: The first day a very slight loss
of weight, which continued slowly till the first change (the first day
after which there was an insignificant gain) and then up to the one
month change (which produced no result). After the thirty-fifth day
there were two weeks of stability, with a slight loss following.

1,015 SPECIFIC GRAVITY SODIUM CHLORIDE SOLUTION WITH 5 PER
CENT FORMALIN.

End of first week: Weight of brains in 3 c. c. to the gram solution
had risen in average a little less than 2 per cent, or a little less than
one-fiftieth of the original. Variation: From 101.29 (original weight,
116 grams) to 102.45 per cent (original weight, 102 grams)=1.2 per
cent. The brain in 6 c. ¢. to the gram solution, (123 grams original
weight) rose 2.03 per cent; that weighed daily (11.4 grams original
weight) 1.31 per cent.

End of first month: Weight of both specimens in 3 ¢. ¢. to the gram
solution has diminished (—1.43 per cent and —1.7 per cent). Varia-
tion=1.41 per cent. The specimen in 6 c.c. to the gram solution
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(original weight, 123 grams) lost 2.39 per cent in weight, more than
either of the above; while that weighed daily (original weight, 114
grams) lost even more, or exactly 3.03 per cent.

The brain weighed daily fell very slightly in weight during the first
day, rose slightly during the next two days (reaching maximum the
third day), remained stationary the fourth day and then began to lose.
It rose the first dry after a change of solution, remained one day sta-
tionary, and then lost slightly, gained again a little, and then con-
tinued to lose to the end of the first month. No rise followed the one
month change, the specimen remaining stationary in weight for one
day, and then went on losing.

SATURATED SOLUTION OF ALUM WITH 5 PER CENT lFORMALIN.

End of first week: Weight of brains in 3 ¢. ¢. to the gram solution had
fallen in average nearly 23 per cent, or nearly one-fourth of the original.
Variation: From 74.27 (original weight 103 grams) to 81.74 per cent
(original weight 115 grams) =7.47 per cent. The two heaviest brains
(115 and 109.7 grams) lost, respectively, 18.26 and 23.25 per cent in
weight, the two lightest ones (92 and 88 grams) 21.74 and 23.87 per
cent. The brain in the 6 ¢. ¢. to the gram solution (original weight
125.2 grams), the largest specimen in the series, lost but 17.74 per
cent, hence less than any other; that weighed every day (original
weight 101 grams) lost 25.75 per cent, which is more than any of the
remaining nine in same solution.

End of one month: All of the brains in the 3 c. ¢. to the gram
liquid had suffered noticeably further loss, and that from 4.86 to 9.04
per cent. Variation: From 64.08 to 74.45 per cent =10.37 per cent.
The changes were not harmonious with those of the first week nor
proportionate to the weight of the specimens. The brain in the 6 c. c.
to the gram solution, though large, lost considerable (10.68 per cent);
and that weighed every day became relatively lightest but one of all
those in the 3 c. c. to the gram solution.

The brain weighed every day showed a great loss during the first
twenty-four hours, lost slowly and steadily for eighteen days, remained
nearly stationary during next thirty days, and then lost slightly again.
The day after each change of solution an insignificant rise took place.

ONE-THIRD SATURATED SOLUTION OF ALUM WITH 5 PER CENT
FORMALIN.

End of tirst week: Four of the nine brainsin the 3 ¢. c. to the gram
solution showed a very slight increase (4-0.42 to 40.90 per cent), five
a slight decrease (—1.43 to —2.5Y per cent). Variation: From 97.41
(original weight 116 grams) to 100.9 per cent (original weight 110
grams) =3.49 per cent. The two heaviest brains (120 and 116.5 grams)
showed, respectively, 100.42 and 97.85 per cent; the two lightest ones
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(103 and 97 grams), 98.54 and 100.51 per cent of their original weight.
(There is no relation apparent at this stage between the changes and
weight of the specimens, but ultimately the originally heaviest brain
showed, with one exception only, the least loss, the lightest brain the
greatest loss. The specimen in the 6 c. ¢. to the gram solution (original
weight 122 grams) lost 2.05 per cent, with two slight exceptions, more
than any of the above; that weighed daily (original weight 108 grams)
losing 4.17 per cent, or more than any other specimen in the whole
series. '

End of first month: The weight of the specimens in 3 c. c. to the
gram solution had diminished from 4.15 to 11.27 per cent (the heaviest
brain losing least, the lightest most). Variation: From 89.17 to 96.25
per cent =7.08 per cent. The changes were not harmonious with
those of the first week nor proportionate to the original weight of the
brains. The specimen in the 6 c. c. to the gram solution lost 5.44 per
cent more than the majority of the above, that weighed daily 11:11
per cent more than any but one in the whole series.

Changes in the brain weighed every day: A slight increase in
weight the first twenty-four hours, followed by gradual, steady
decrease, apparently not affected hy either of the changes of solution.

ONE-FIFTH SATURATED SOLUTION OF ALUM WITH 5 PER CENT
FORMALIN.

End of first week: Weight of one of the nine brains in the 3 c. c. to
the gram solution had very slightly decreased, of one it was the same as
original, and it had slightly increased (0.43 t03.12 per cent)with the seven
remaining. Variation: From 99.09 (original weight 109.5 grams) to
103.12 per cent (original weight 96 grams) =4.03 per cent. The two
heaviest brains (116 and 115 grams) had gained in weight, respectively,
0.43 and 0.87 per cent, the two lightest (99 and 96 grams) 3.03 and 3.12
per cent. The brain in the 6 c. ¢. to the gram solution (original weight
126 grams) had lost 1.59 per cent, or more than any of the above, while
that weighed daily (original weight 100.2 grams) gained 1.99 per cent.

End of first month: A1l of the nine brains of the first group had lost
in weight (7.35 to 12.83 per cent). Variation: From 87.56 to 95.45
per cent =7.89 per cent. The changes, while not differing greatly,
were not harmonious with those of the first week nor proportionate
to the weight of the specimens. The brain in the 6 c. c. to the gram
solution lost in weight 7.66 per cent, that weighed daily 9.76 per cent,
or more than any other in the whole series.

Changes in the brain weighed daily: A moderate increase, reaching
maximum on the third day, and then a slow continuous loss, not
affected by the changes of solution.
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294 PROCEEDINGS OF THE NATIONAL MUSEUM. VOL. XXX.
ONE-THIRD SATURATED SOLUTION OF ALUM WITH SODIUM CHLORIDE
TO 1,030 SPECIFIC GRAVITY, AND 10 PER CENT FORMALIN.

End of first week: The brains in the group of nine in the 3 c.c. to
the gram solution all lost moderately in weight (—2.99 to —9.74 per
cent). Variation: From 90.26 (original weight 113 grams) to 97.01
per cent (original weight 100.5 grams) =6.75 per cent. The two
heaviest brains (115.2 and 113 grams) lost in weight, respectively, 7.99
and 9.74 per cent, the two lightest (100.5 and 95.5 grams) 2.99 and
5.24 per cent. Ultimately, however, the heaviest brain shows the
least loss, while that of the lightest specimen is among the greatest
losses. The specimen in the 6 c. c. to the gram solution (original
weight 115.5 grams) lost 6.06 per cent; that weighed daily, however
(original weight 105 grams), 10.95 per cent, or more than any other
in the series.

End of the first month: The brains in the 3 c. c. to the gram solution
all show a further marked loss of weight (—6.6 to —13.81 per cent);
the heaviest brain had lost the least, the lightest the most. Variation:
From 78.70 to 85.94 per cent =7.24 per cent. Changes were not har-
monious with those of the first week, and were more in a reverse than
a direct proportion to the original weight of the specimens. The
brain in the 6 c. c. to the gram solution lost 11.52 per cent, that weighed
daily 11.76 per cent.

Changes in the brain weighed daily: A moderate loss the first and
second day and gradual loss, unaffected by the changes of solution,
thence onward.

ONE-THIRD SATURATED SOLUTION OF ALUM WITH SODIUM CHLORIDE
TO 1,030 SPECIFIC GRAVITY, AND 5 PER CENT FORMALIN.

End of first week: Weight of brains in the 3 ¢. ¢. to the gram solu-
tion had risen slightly (4-0.44 to +4.08 per cent). Variation: From
100.44 (original weight 114 grams) to 104.08 per cent (original weight
98 grams) =3.64 per cent. The two heaviest brains (123 and 114
grams) had gained, respectively, 4.06 and 0.44 per cent, the two lightest
(98 and 97.5 grams) 4.08 and 3.58 per cent. The brain in the 6 c. c. to
the gram solution lost 1.66 per cent, that weighed daily 4.63 per cent.

End of first month: Weight of all brains had notably diminished
(—13.67 to —21.12 per cent in the group of nine). Variation: From
81.72 to 89.84 per cent =8.12 per cent. The changes were not pro-
portionate to the weight of the specimens. The brain in the 6 c. c. to
the gram solution lost in weight 10.13 per cent, less than any of the
above, and that weighed daily 9.22 per cent, or still less than the pre-
ceding, which compensated with both specimens for the loss during
the first week.

Changes in the brain weighed daily: A slow loss from the first day
onward, accelerated slightly the day after each change of solution.
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EIGHTY PARTS OF 95 PER CENT ALCOHOL AND 20 PARTS 5 PER CENT
SOLUTION OF FORMALIN.

(Alcohol, 80; water, 19; formalin, 1.)

End of first week: All the brains in the 3 c¢. c. to the gram solution
had lost in weight; the average loss was 11.5 per cent, or one-ninth of
the original. Variation: From 85.27 (original weight 112 grams) to
91.45 per cent (original weight 117 grams). The heaviest brain lost
least. The specimen in the 6 c. c. to the gram solution (original
weight 106 grams) lost more than any of the above (15.1 per cent),
that weighed daily (original weight 109 grams) lost 11.47 per cent.

End of one month: The solution was not changed at the end of the
first week nor at the end of the first month, except with the specimen
weighed daily. No especial difference appeared in the results. All
the brains in the 3 c. c. to the gram solution lost slightly in weight
after the end of the first week (—0.77 to —2.09 per cent). Variation:
From 83.48 to 89.31 per cent =5.83 per cent. The changes were not
harmonious with those of the first week nor proportionate to the
weight of the brains. The specimen in the 6 c. c. to the gram solution
lost 1.66 per cent, that weighed daily 1.56 per cent.

Changes in the brain weighed daily: A moderate loss in weight
occurred during each of the first five days, after which there was a
slow, continuous loss up to the end of the month and beyond. Neither
the first nor the second change of solution produced any effect.

SIXTY-FIVE PARTS 85 PER CENT ALCOHOL AND 35 PARTS 3 PER CENT
FORMALIN. .

(Alcohol, 65; water, 34; formalin, 1.)

End of first week: Weight of brains in 3 c. c. to the gram solution
had fallen in average nearly 4 per cent. The lighter brain lost some-
what more than the heavier one. The specimen in the 6 c. c. to the
gram solution lost much more than either of the above; that weighed
daily lost slightly more than either of the other two in similar quantity
of the preservative.

End of first month: Weight of the two brains in 3 c. c. to the gram
solution had diminished but slightly, that of the specimen in 6 c. c.
to the gram solution distinctly more, Whlle that of the hrain weighed
daily was equal.

Lhanges in the brain weighed daily: The first day a sllght (1.56 per
cent) rise, then a gradual loss; an-insignificant rise the first and third
days after the first change of solution, then stability, with slight ups
and downs. No rise or fall in weight after the one-month’s change of
the preservative.
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SODIUM ACETATE (FUSED), 130 GRAMS; SODIUM CHLORIDE, 110
GRAMS; FORMALIN, 20 C. C.; 95 PER CENT, ALCOHOL, 460 C. C.;
WATER, 540 C. C.

(100 c. c. = sodium acetate, 13; sodium chloride, 11; alcohol, 46; water, 54; formalin, 2.)

End of first week: Weight of brains in the 3 c. ¢. to the gram solu-
tion had diminished in average by 14 per cent, or one-seventh of the
original. Variation: From 84.54 (original weight 103.5 grams) to 86.89
per cent (original weight 103 grams) =2.35 per cent. The two heavi-
est brains (118.2 and 115.2 grams) lost in weight, respectively, 13.28
and 14.07 per cent, the two lightest ones (101 and 82 grams) 14.36 and
14.64 per cent. The specimen in the 6 c. c. to the gram solution (origi-
nal weight 110 grams) lost 15 per cent, that weighed every day (origi-
nal weight 100.8 grams) 14.69 per cent, becoming each relatively
lighter than any but one of the above.

End of first month: The solution had been changed, both at the end
of the first week and at the end of the first month, only with the speci-
" men weighed daily, without, however, any material difference result-
ing. Of the nine brains in the 3 c. c¢. to the gram solution eight
had, since the end of the first week, slightly increased in weight, while
in one the weight was the same. The gain ranges from 0.51 to 1.15
per cent. Variation: From 85.51 to 87.38 per cent =1.87 per cent.
The changes were quite alike. The specimen in the 6 c. c. to the gram
golution gained 0.45 per cent in weight, that weighed daily 2 per cent,
or more than any other in the whole series.

Changes in the brain weighed daily: A pronounced loss during the
first twenty-four hours, the next day a smaller loss, then three days of
stability, and then a slight loss again. After first change a slight rise
during the first twenty-four hours and lasting to next day, then a
slight loss lasting four days and then slow rising. No marked effect
of the second change of solution.

SUMMARY.

A glance at the foregoing data and at those of Part I of this paper
shows that, with the same preservatives, the results were in substance
much alike, but that in the first series there was a much greater vari-
ation in results.

The simple formalin solutions all show, with all brains, the same
type of effects, consisting of a sharp initial rise in the weight of the
specimens, reaching a maximum within less than a week, with a sub-
sequent gradual, long-continued loss. The rise, very clearly shown
by the tests on sheep brains, is related in an inverse ratio to the
strength of the formalin in the solution. The proportion of loss is
much alike and is apparently independent of the formalin percentage,
which makes it probable that it consists of simple solution by the
water of the preservatives. ‘
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The addition of common salt to formalin solutions acts very much
like larger proportions of formalin alone. The initial rise is shortened
and reduced; in stronger concentrations it is replaced in twenty-four
hours by loss; but the subsequent loss in weight proceeds much like
that in simple formalin solutions.®

Additions of alum to formalin solutions cause, though the specific
gravities of the resulting liquids are less, a greater loss in brain weight
than the liquids with similar additions of common salt. The weaker
solutions caused a smaller initial (one week) but a greater subsequent
loss than the concentrated one.?

The mixtures of alum, common salt, and formalin are characterized
by the great loss which they produce in the weight of the specimens
after the first week. There is no advantage whatever in these solu-
tions.

The three mixtures of alcohol with formalin all show an initial loss
in the weight of the specimens, but subsequently there is a relatively
great stability. Several of the groups (particularly with Stroud’s
liquid) show actually a little gain following the initial loss. As the
proportion of the formalin in any of the solutions is quite insignificant
(1 per cent), these effects must be referred nearly wholly to the alco-
hol and water in the solutions, with the action of which, so far as our
knowledge goes, they agree. ¢ :

Individual variation was present with all the liquids used, most in
the 15 per cent formalin and the 1,030 specific gravity common salt
solution with 5 per cent formalin, least in the 65 parts of alcohol with
35 parts of 3 per cent formalin (two specimens only) and in the sodium
acetate-sodium-chloride-alcohol-formalin mixture. In a large major-
ity of the preservatives the variation was greater at the end of the
first month than at the end of the first weck; after that it still increased
with some solutions, while with others it grew less.

The most potent discernible cause of this individual variation was,
as in the cases dealt with in the first part of this paper, the difference
in size of the specimens. Another ascertainable cause, but operative
to a less extent, was the relative quantity of the preservatives. Even
with the sheep brains alone the large ones suffered in the same rela-
tive quantity of preservative less change, particularly less ultimate
loss, than the small ones; and a double quantity of the liquid, even
though most brains chosen for the experiment were large ones, resulted,
in the majority of instances, in a loss of weight markedly greater than
the average in the smaller proportion of the solution. The variations
which remain unaccounted for are of obscure and probably complex

a A greater whiteness of the specimens was again noticeable.

b All the specimens showed very good hardening. The diminution in size in those
in the concentrated solution was very noticeable.

¢ See Donaldson, Jour. Morphol., 1894, p. 149,
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nature; fortunately they are not, at léast in normal animal brains,
very serious.

The effect of daily weighing the brain was, almost generally, greater
than the average loss of weight.

The changing of solution after one week and one month had in a few
instances no appreciable effect, but mostly there was a consequent tem-
porary (one to two days) rise in weight which acted as a retarder of
the continuing loss.

Asto the practical results of these experiments on the value of various
brain preservatives for macroscopical purposes, it is plain that neither
any of the simple formalin solutions nor any of those to which common
salt or alum had been added, is satisfactory. The changes in these
liquids are considerable and their continuation prolonged, while there
are no compensatory advantages. No good purpose would be served
by using any of these mixtures, with one possible exception, in the
future; the exception concerns the addition of alum to the solution
used for brains of feetuses or the very young, for the purposes of
increasing the hardening.

On the other hand, the results obtained with the alcohol and formalin
mixtures are most encouraging. These liquids have produced but
moderate initial changes (much of which can be done away with by
proper modifications of the solutions), followed by the all important
feature of subsequent stability. The permanence of this stability has
not received as yet a sufficient test of time, but Donaldson’s prolonged
observations with other alcohol mixtures render it highly probable.
The brain is not affected perceptibly by the necessary changes of solu-
tion. At all events, it is with this class of preservatives that further
experiments are most justifiable.

The addition of the salts in Stroud’s liquid gives no superiority over
the simple alcohol-formalin solutions. The greater specific gravity of
the mixture would commend it on account of the slightly greater pre-
vention of deformation in the specimens, but the somewhat greater
initial loss in weight and the subsequent continuous gain are disad-
vantageous. If equally good results, so far as weight and size of the
specimens are concerned, can be obtained with simple mixtures, these
should be preferred. Conservation of the form of a specimen in any
preservative is largely a matter of proper care.

As a result of the data obtained by the experiments reported upon
in this paper, the tentative regulations below outlined concerning brain
preservation have been made in the laboratory of physical anthropol-
ogy of the U. S. National Museum. They can, it is hoped, be pur-
sued with daily and longer periodical weighings of the specimens, and
with whatever modifications may become indicated in the liquids, until
a substantiated and as simple as possible method of brain preservation
has been determined. It would be very desirable if a concurrent
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microscopical investigation could be made in some other laboratory,
more suited for that purpose, as to the relative value of the various
preservatives for the purposes of histology and pathology.

PRESENT REGULATIONS CONCERNING BRAIN PRESERVATION IN THE
LABORATORY OF PHYSICAL ANTHROPOLOGY, UNITED STATES
NATIONAL MUSEUM.

Remove the brain as fresh as possible and with the least injury,
without the dura; weigh at once; measure the proper solution into a jar
of suitable size; place sufficient absorbent cotton on the bottom to pro-
tect the specimen from deformation by pressure; in larger specimens
introduce a little cotton between the cerebrum and cerebellum, and
lay the brain in, base downward. If necessary, support the hemi-
spheres in proper position by additional cotton; close jar as nearly
air-tight as possible and place on a shelf out of direct light of the sun;
weigh, after the regular drainage, on the eighth day and change solu-
tion. Weigh again on the thirty-first day, at the end of three months
after reception, and every three months (as long as the experiments
last). ‘

Solutions and proportions.

Distilled | 95 percent ! .,

water, alcohol. lh’m‘“n“'
N — [P — | —

Parts. ’ Parts. | Parts.
Brains up to 50 gramsinwelght. ... ... .. ...l 45 52 3
Brains 51 to 150 grams in we| gfht ................................... 40 57 i 3
Brains 151 to 300 grams in weight. .. 35 62 3
Brains 301 to 900 grums in weight 30 | 67 3
Brains above 900 grams in weight...... ... ... .. ...l 25 | 7 3

|

Quantity of liquid: All specimens above 30 grams in weight, use
4 c. c. to the gram; brains 15-29 grams, use 6 c. c. to the gram; brains
less than 15 grams use 75 c. ¢. per each specimen.*

For brains of fetuses and the very young use one-half saturated
solution of alum in place of water and 10 per cent formalin. Where
there is danger of an injury to the brain during weighing, on account
of its softness, weigh it indirectly; approximate the quantity of
the solution to the calculated weight of the brain; weigh jar and all
before and after introduction of the specimen, and subtract, bringing

" afterwards the liquid to exact proportion.

@ Larger quantity of liquid made necessary by the size of the smallest convenient jar.
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ABSTRACT.
38 ¢. c. per gram (weight at periods indicated below).
s Average 1‘ I Average f Average
her cent ! ' per cent ! per cent
Preservative. 5E ! of  Fer pe o per | PC of Per
= : cent cent cent
2F original aria- original varia- inal varia-
g & [weight at tion weight at tion. iweight at| tion
] the end * theend of ' jtheendof '
7. |of 1 week. 1 month. 2 months.
3 per cent formalin.....c.oeeeeeennnenn... 9 121.4 5.4 121.3 6.8 118.2 5.7
5 per cent formalin................. 9 117.9 3.9 116.0 5.8 112.8 5.8
10 per cent formalin 9 115.0 4.0 113.1 5.3 110.3 4.0
15 per cent formalin .. 9 112.8 8.9 1m.o 9.8 106.6 10.5
Saturated solution of common salt with
b percent formalin..................... 9 92.9 1.9 89.3 6.2 86. 8 6.5
1,030 sp. gr. common salt solution with
rcent formalin ................. ... 9 97.9 10.3 95.9 9.9 93.6 10.8
1,015 sp. gr. common salt solution with 5 :
per cent formalin ............... ... ... 2 101.9 1.2 100.3 (1.4) 95.9 (1.3)
Saturated solution of alum with 6 per
cent formalin .. ... . .........icoiaaial 9 77.2 7.5 7.5 10.4 71.0 3.7
One-third saturated solution of alum .
with 5 per cent formalin.............. 9 99.4 3.5 93.2 7.1 8.0 10.1
One-fifth saturated solution of alum with | '
5 per cent formalin..................... 9 101.2 4.0 92.1 7.9 85.2 6.6
One-third saturated solution of alum |
with common salt to 1,030 sp. gr. and 10 |
percent formalin ...................... 9 92.1. 6.7 81.1 7.2 712 1.4
One-third saturated solution of alum i
with common salt to 1,030 sp. gr. and 5
- per cent formalin ...................... 9 102. 4 3.6 85.6 8.1 76.3 8.9
80 parts of alcohol and 20 parts of 5 per ’ I
cent formalin .................o...l 3 8.5 6.2 86.9 5.8 87.0 ! 7.1
65 parts of alcohol and 35 parts of 3 per |
cent formalin _........................ 2 9.3 (1.1) 95,8 (1.2) 96.0 | (L.7)
Sodium acetate, sodium chloride, forma-
1in, and alcohol solution ............... 9 8.9 2.3 86.5 1.9 86.4 1.9
6 c. c. per gram (weight at 3 c. ¢. per gram (weighed
‘ periods indicated below). every day).
S | Per cent of original ?‘5 Per cent of original
Preservative. 4| Weight at the end ‘ 5| Wweight at the end
Ba of— 5E of—
23 1221 -
g'nlweek[ 1 2 ’g'c 1 week 1 2
z ; month.months' 'z ‘' month.!months
8 per cent formalin ............ceeet. 1| 118.9 M 116.9 | 118.9 1| 117.6 | 115.2 118.2
b percentformalin................... e 1| 118.9} 116.4 | 111.4 1| 117.8 | 115.0 112.2
10 per cent formalin ................ ..... 11 114.0] 112.8 | 108.4 1| 116.2 ) 112.2 110.3
15 per cent formalin ........ ............. 1 109.1| 102.6 96.9 1| 108.5 | 104.7 99.6
Baturated solution of common salt with ‘
Spercentformalin..................... 1 93.2 90.0 81.7 1 92.1 |ieeeneni]onennnns
1,080 sp. gr. common salt solution with 5 ! :
r cent formalin. .. .......ooocevenna.. 1| 943 924 8.0| 1| 97.1| 942 ' 9.2
1,015 sp. gr. common salt solution with 5
per cent formalin.............coee.en... 1| 102.0 99.6 °  95.1 1| 101.3| 98.26, 93.4
Saturated solution of alum with b per
cent formalin..........cccoovvniiiannn. 1 82.3 73.5 L5 1 74.2 | 70.3 69.3
One-third saturated solution of alum
with 5 per cent formalin ............... 1 97.9 92.6 88.9 1 95.8 | 86.2 79.2
One-fifth saturated solution of alum with
5 per cent formalin..................... 1 98.4 90.9 84.1 1] 102.0( 92.3 81.3
One-third saturated solution of alum
with common salt t01,030 sp. gr. and 10
per cent formalin .....oeveeriuannnaan. 1 93.9 88.1 74.0 1 89.0| 78.6 73.3
One-third saturated solution of alum
with common salt to 1,030 sp. gr. and b
per cent formalin ........... versrannane 1 98.3 88.4 | 842 1 96.4 | 86.6 81.0
80 parts of alcohol and 20 parts of 5 per
cent formalin................ beeseennens 1 84.9 83.5 82.0 1 88.5| 87.1 83.0
66 parts of alcohol and 85 parts of 8 per
centformalin.........ccovvemrencnnnnnns 1 90. 2 87.9 88.4 1 95.8 | 95.8 95.8
Sodium acetate, sodium chloride, forma-
lin, and alcohol solution.....cceveeeenn. 1 85.0 85.4 86.4 1 85.8| 87.8 |........
Proc. N. M. vol. xxx—06——20
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Preservative: Saturated solution of salt, with 5 per cent formalin (8 c. ¢. per gram).

[Condition of brain: Medium.]

{ ! ‘ | Per cent Addltinna] \\elghmgn
'Weightof ! ‘of changel-— et
! ! brain  Weightof; Per cent Weight of Per cent’ between ’ ,
. ¢ Dateof |immedi-| brain | of bruin | of the end of : ll’Lr cent
g autopsy.) ately | afterl  original after1 “original timt and | Date. '\\eight of
g afterex- | week. | weight.' month. | weight.  end | e of bruin. original
s traction. | " of fourth ‘ weight,
7 | | week., | ’
—_ — U e - ‘
[ 1905, | Grams. | Grams, l ‘ Gra r 1905. |, Grams.
66.. June 9! 95,2 K6.0 90. 33 x] 5 85.61 | 523 Aug. 9 80.5 81,56
105.0 9.0, 9 '-(‘ 95,5 90. 95 -3.5M 1....do... 92.5 8K, 09
107.7 100. 5 93. 31 9.5 89.78 3.98 ....do... 95.0 8%.21
103.0 9—1 2 9l. 45 -90.H 87. 86 3.93 ....do.. 89.5 86. 89
102.0 91. 66 89.D 87.74 “ ..do oo /8.5 86.76
102.5 ‘J.) i) o2 | W.0 | 8780 | Anﬁ. 10 | 84.5 ®2, 44
104.0 99.0 { 935,19 : 95.5 91. 82 ....do 9‘.! 51 884
89.7 BL51 91200 816 90.8 do. 78.5 X751
LA 79.5 1 .08 77.0, 9112 ..do 74.0 87,567
s H 89.0 3. 19 N6, 0 90. 05 ..do 78.0 N1.67
I |
a At 6 ¢. ¢. per gram.
[Brain weighed daily. Received June 10, 1905. Original weight, 101 grams.)
- T ” - A - e R
8 beo] Pcr(-ent' 5 . ‘Per(}enl
=] cofwh Absolute = s welrhee - Absolute 6}
g . Date weighed weight. .,orlglnnl ’ 5 Date weighed . weight. | original
7 weight. || ¢ ! weight,
-— - - - - i ——
Grams.
63.. June 11,1905 . 95.5 94,55 | 92,27
June 12, 1905 - 9.0 94.05 | 92.57
' June 13, 1905 . 9.5 93.56 | 92. U8
| June 14, 1905 93.5 92.57. ‘ l |
[ ]
Googl
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Preservative: 1,030 sp. gr. aalt solution, with 5 per cent formalin.
[Condition of brain: Medium.]
l J’ ‘ Per cent Additional weighings.
Weighto! iof change.
brain |Weight of/Per cent Weight 0! Per cent! between .
. | Dateof immedi-} brain of ' bmin | of [theendof Per cent
3 'autopsy. ately after 1 loriginal . after1 original fimstand Date Weight of
2 ,after ex-. week. |weight. month. ! weight. end | € lof brain, original
El tmctlon i of fourth ; " welght.
P ‘ week.
1905, Grams. | Grams. | Grama, 1905. Grams,
112.0 115.0 | 102.68 i 113.5 | 101.84 -1.30 Aug 13 111.0 99,11
101.0 97.5 96. b 96.0 95. 05 =154 ....do...| . 8.5 92,57
1070 1116 10420 1095 | 102.38| —1.79 ....do...| 107.5! 100,47
97.0 93.0 95,87 . 91.5 94. 33 . X T91.75
94.0 9.5 9.271  89.0| 9468 u3. 62
106. 0 99.5 93. 86 ! 98.0 92. 45 | 91. 4
105.5 101.5 96, 21 9.5 94.31 91.00
95.0 93.5 98, 42 91.0 96.79 ! 98. 16
97.0 94.0 96. 91 90.5 93.29 | 59.49
105.0 99.0 | 94.28 97.0 92.38 89.05
| |

[Brain weighed daily.

a At 6 c. ¢. per gram.

__,.1 S

Change in
Per (ont percentage |
Atthe end of | Absolute of original Attheendof ' Absolute! of
day. weight. origlnal weight day. weight. orlgilml
weight. | from day weight.
to day.
Grams. i (framas.

First ............ 102.6 99. 51 —0.49 || Twenty-eighth .. 96.5 93. 69
Second.......... 101.5 98, 54 — .97 || Twenty-ninth ... 96. 5 93. 69
Third ........... 101.5 98. H4 + .00 || Thirtietha_ ... .. 96. 5 93. 69
Fourth.......... 100.0 97.08 —1,46 || Thirty-first ...... 96.3 93,49
Sixth ........... 100.0 97.08 4+ .00 '| Thirty-second ... 96.0 93. 20
Seventha ....... 100.0 97.08 & .00 || Thirty-third..... 96.5 |  93.69
Eighth.......... 100. 20 97.28 + .20 || Thirty-fourth.... 95.0 92.23
Ninth........... 100.0 97.08 — .20 || Thirty-fifth...... 95.5 | 92.72
Tenth........... 100.5 97.57 -+ .49 || Thirty-sixth..... 96.0 ! 9.8
Eleventh........ 99.5 96. 60 — .97 {| Thirty-seventh .. 95.5 92.72
Twelfth......... 99.6 96. 60 4+ .00 )| Thirty-eighth ... 95.5 | 92.72
Thirteenth...... 99.0 9.11 —~ .49 Thirty-ninlh 95.0, 92.23
Fourteenth ..... 99,6 96. 60 + .49 || Fortieth. 9.6 | 92.72
Fifteenth ....... 98.5 96. 63 — .97 || Forty Arst ....... 95.0 92,23
Sixteenth....... 98.0 95. 14 — .49 || Forty-second 9.5 92,72
Seventeenth .... 97.5 9. 66 — .48 {| Forty-third...... 95.5 92.72
Eighteenth .. 97.5 9. 66 + .00 || Forty-fourth 95.0 92.23
Nineteenth 97.5 94, 66 + .00 || Forty-tifth 9.0 92,23
Twentieth . . 97.6 94. 66 + .00 || Forty-sixth. 96. 0 92,28
Twenty-first..... 98,0 95. 14 + .48 || Forty-sevent 9.5 91.75
Twenty-second . 98.0 85. 14 + .00 {| Forty-eighth . .5 91.75
Twenty-third ... 97.5 9. 66 — .48 || Forty-ninth 9.5 9L.75
Twenty-fourth.. 97.5 94. 66 + .00 || Fifticth.......... 95.0 92.23
Twenty-fifth .... 98.0 95. 14 + .48 || Fifty-first..._.... 9.6 91.75
Twenty-sixth ... 97.5 94. 66 -- 48 1 Sixty-flrst ....... 94.0 91.24
Twenty-seventh 97.6 94. 66 + .00 || Sixty-eighth..... 92.5 89.81

Received June 13, 1905. Original weight, 103 grams.]
e

’Change in

Per cent  percentage

j of original
weight
from day
to day.

. e

T QR R RO I

P+

Google

a Change of solution.
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Preservative: Saturated solution of alum, with 5 per cent formalin (3 c. c. per gram).

[Condition of brain: Mcdium.]

J Per cent Additional weighings.
Weighto | of change : — -
| brain |Weightof|Per cent Weight of Per cent| between I "
.. Dateof |immedi-| brain of | brain | of the end of ' chr cent
g ‘automy. ately after 1 original| after1 ‘nriginal first and ! Dute ‘ Weight of
= after ex-| week. |weight.! month. ' weight. end * lof brain, originnl
= traction. ‘ of fourth ’ - weight.
| week. ’
Grams. | Grams. Grams Grams. ‘,
109.5 84.5 T7.17 79.5 72.60 - . 8.0 | 71.23
103.0 76.5 74.27 7.5 70.39 — H.23 | 71.0 68.93
102.5 78.0 76.09 73.0. 7.2 — 6. . 71.5 69.75
92.0 72.0 7K. 26 68.5 1 74.45 — 486 66.0 . 71.7
100.5 8.0 77.61 73.0 ° 72.63 — 6.41 715 | 71.14
100.8 77.0 76.38 72.5 ) 7.9 e 715 70.93
109.7 84.2 76.75 79.3 72.29 — H.82 8.5 71.56
88.0 67.0 76.13 63.5 72.16 -~ b.22 . 63.0 ' 71.59
115.0 94.0 81.74 85,5 74.35 — 9. 83.5 72.61
125.2 103.0 82. 26 92.0 73.48 —10.68 . 89.5 71.48
|

[Brain weighed daily.

@ At 6 ¢. c. per gram,

Received June 9, 1905. Original weight, 101 grams.]

! ; Change in

Per cent | percentage

At the end of | Absolute of of original

day. weight. | original weight
weight. | from day
to day.
Grams.

First............ 87.0 86.14 —13.86

Becond. . 83.5 82. 67 — 3.47
Third .. 81.0 80.19 — 2,48 f

Fourth. 79. 3 78. 51 — 1.68

Fifth._.......... 78.0 77.22 — 129

8ixth. .......... 6.5 75.74 — 1.48

S8eventha ....... 75.0 74.25 — 1.49

Eighth.......... 75.5 74.75 + .50

Tenth........... 73.5 72.77 — 1.98
Eleventh ....... 3.0 72.7 .00 |,
Twelfth......... 73.0 72.27 — .50

Thirteenth...... 72.8 72.08 - .1y
Fourteenth ..... 73.0 .27 + .19 |
Fifteenth ....... 25| 7.8 I sl
Sixteenth....... 73.0 .27 + .49
Seventeenth .... 72.5 71.78 — .49
Eighteenth ..... 73.0 . + .49
Nineteenth ..... 72.0 71.28 - .9 “

Twentieth . 1.5 70.79 - .49
Twenty-first .... 71.5 70.79 + .00
Twentysecond.| 71.6| 70.79 00l

Twenty-third ... 71.7 70.99 + .22
Twenty-fourth.. 71.5 70.79 — .20 ‘

Twenty-fifth.... 71.8 71.09 + .30
Twenth-sixth... 7.5 70.79 - .30,
Twenty-seventh 72.0 71.28 + .49
Twenty-eighth .| 7.5 | 70.7 - 49 H

- Google

a Change of ;ollitiox;lj

|

‘ ! Change in
Per cent  percentage

At the end of ' Absolute of of original
day. weight. | original weight
weight,  from day
to day.
Grams,
Twenty-ninth... 71.6 70.79 +0.00
Thirtietha,...... 71.0 70.29 — .50
Thirty-first ...... 71.5 70.79 + .50
' Thirty-second 71.0 70, 2 - .5
Thirty-third..... 71.5 70.79 + .50
Thirty-fourth ... 71.5 70.79 + .00
Thirty-fifth..._.. 71.5 70.79 + .00
Thirty-sixth..... 71.0 70.29 — .50
Thirty-seventh .. 71.5 70.79 ! + .50
Thirty-eighth ... 71.5 70.79 + .00
! Thirty-ninth .... 71.3 70. 59 - .2
~ Fortieth......... 71.0 70.29 - .80
Forty-first ....... 71.0 70.29 + .00
Forty-second .... 71.5 70.79 + .60
Forty-third...... 71.0 70.29 - .50
Forty-fourth .... 71.0 70.29 + .00
Forty-fifth....... 71.0 70.29 + .00
Forty-sixth...... 71.0 70.29 + .00
Forty-seventh ... 1.5 70.79 + .50
Forty-eighth .... 71.0 70.29 - .60
Forty-ninth ..... 71.0 | 70.29 + .00
| Fiftieth . ........ 710 70.2 + .00
Fifty-first._...... 70.5 69. %0 - .49
Sixty-first ....... 70.0 69. 31 - .49
Sixty-eighth..... 69.5 68. 81 — .60
Seventy-tifth .... 69.6 68,81 + .00
|
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Presevvative: One-thivd saturated solution of aluwm, iwith 5 per cent formalin (3 e. c. per gram).

[Condition of brain: Medium.j

‘ | ! | " Per cent Additional weighings.
Weight of I ‘ of change’ - - -
brain  Weightof Per cent.Weight of Per cent; between '
o | Duteof immedi- - brain of brain . of the end of I’er cent
T |sutopsy. | ately oafter 1 orginal. after 1 loriginal tirstand 0 Weight of
= afterex- week,  weight.! month,  weight, end - Gf brain. original
g traction. ! 1 of fourth | : weight,
7. ! i | | week. I
R B 8 ! | . _
1905. (Sretms. (rems, Grams, | | 1005, Grams.
wKy_ " June 12 106. 0 106. 5 ; 100047 5 Aug. 12 90. H K538
7.0 5 ‘ ..o 9.0 SLAI
6.5 ) Aug. 13 1010 8. 6Y
1005 2, o 5.0 9. 05
116.0 dooo 100.0 86,21
120.0 dooo 109.0 90, 83
113.¢ do ... 103.H 91. 59
110.0 do w.h 9. 46
103.0 do 2.0 89,32
1220 do, 108, 5 88,93

d At 6 e, e per gram,

[Bruin weighed daily.  Received June 13, 1905,

Original weight, 108 grams.]

| .
. " Change in !
Per cenut !

pereentage
At the end of  Absolute of of originnl At the end of
dny. weight,  original weight | day.
weight. | from day
[ today.” i
— - S [N - —_ ! - i '
| " n ;
First .. ! I Twenty-cighth ..
Second ., I Twenty-ninth ...
Third .. Thirtictha. ... ..

Thirty-tirst
Thirty-second (.
Thirty-third ... ..

Fourth.
Nixth ...
Seventha oo

Eighth ... ' Thirty-fourth.. ..
Ninth .. : | . Thirty-tifth. ... ..
Tenth. ... | Thirty-sixth
Eleventh ... .. ~ Thirty-seventh ..
Twelftho ... .. ' Thirty-cighth .}
I'hirteenth .. ! Thirty-ninth ....
Fourteenth . Forticth
Fifteenth .. ) Forty-first ...,
sixteenth Forty sceond ..
Seventeenth .. .. | L Forty-third. ... .. |
Fighteenth ..., [ Forty-fourth .
Nineteenth ..., ' Forty-fifth ..
Twenticth ... ' ¢ Forty-sixth. ...,

|
Twenty-first ..., ‘ Forty-seventh ..
Twenty-second | I Forty-cighth ....-
Twenty-third ... | Forty-ninth .....
Twenty-fourth .. Fiftieth ... ...
Twenty-fifth ... L OFifty-tirst.
Twenty-sixth ... |oSixtyetiest (..o
Twenty-seventh | a2 R L2 Sixty-eighth.o. .. |
i ; ! I

a Change of solution,

Google

. Absolute of
i weighto
i

Change in
percentage
of original
weight
I from day
. today.

Per cent

" original
weight.,

Grams.

B

1 b 3 d
U
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Preservative: One-third saturated solution of alum, sodivm chloride up to 1,030 sp. gr., with

}\\'eight of

10 per cent formalin.

[Condition of brain: Medium.]

| | Percent

Additional weighings,

| of change
bruin  Weightof Per cent \\eightof Per cent between
© | Dateof |immedi-  brain of | brain of the endor ‘ Pereent
X | autopsy.  ately after 1 joriginal, after 1 'originall firstand Date \\ eight of
g after cx-  week. 'welght. | month, | weigh(.‘ end | VT lof brain. original
= ’ traction. i of fourth weight.
Z ‘ | l‘ | week. " |
—! = - I [ ‘ I
i ! I
I 1905, ‘ {irams, Grams, ! Grame, | ) i 1905, Gramas.
78.. ‘ June 12 108.0 9%.0 i 90.7 85.0 l 78.70 3 Aug. 12 7.0 71.76
79 do...' ms2, weo w0l 99.0 1 85 94 B e 5 82,03
108, 0 9.0 91.66 86.5, »"0.U9 oeedo 2,0 72.22
111.5 102.0 9148 91.5H ‘ ®2, 06 '....du...i LD 73.09
104.0 - R 0. &6 | R3.0 79. 81 loedo ! 3.5 70.67
101.0 9.5 90.59 | 79.5 0 78T (ee-edo. ‘ N 70.79
113.0 ¢ 102.0 | 90.26 NY 0 7876 | odo. LD 7124
9.5 | W.5 | 94.76 ' RO KL6T ..do...! 5 .71
100.5 97.5,  97.01 8.0 .57 \ 2. donll i 76.12
85| o3 —~11.52 iA...do.... 74,03

115.5 ‘

[Brain weighed daily.

|

.M l 96. 0 . 83.12 I

@ At 6 c. ¢, per gram.

Received June 12, 1905,

Original weight, 105 grams.]

R | i (‘hnngc in If ' Change in
Per cent | percentage Per cent | percentage
At the end of | Absolute of of original | At the end of Absolute of of original
day. weight,  original . weight day. weight, | original weight
weight.  from day J ‘ weight. | from day
‘ : to day. | to day.
A= e T [ = —- — . ,
(frams. ! | ! Grams.,

First ............ 102.5 - 2.38 | Twenty-ninth... ¥3.0 79.05 +4-0. 44

Second. . [ —3.%1 I Thirtiethe, ... ! &2, 78.57 -
Third 9%, 4 -~ .10 % Thirtyfirst ...__.* 82, 8.0 ’ - .4:«
Fourth. 98. 0 — .3% ¢ Thirty-second ... 1. 77,62 — 48
Fifth...... 95,5 —2.38 Thirty-third..... 81, 77.62 | .00
Seventha 3.5 | —1.90 ’I‘hirly»[(mrth 81.7 77,62 L 00
Eighth 2.0 —1.43 ’lhlrl\ -fifth.. 50. 76,19 ) -1.43
Ninth 92.0 | oo 80. 76.19 N 1)
Tenth..... 91.5 | - 48 LR 76.19 | L0
tleventh | 91.0 — AT y-e . &0, 76.19 \ s .00
Twelfth......... 89.5 ~1.44 | 'l‘hirly-ninth el 8. 76.19 | L.00
Thirteenth.. ... 895 v .00 Fortieth...... .. 79, 75.71 — I8
Fourteenth ... 89,0 — .47 | Forty-first....... | 79. Th % -l 48
Fifteenth .. K8, H — 48 ‘ Forty-sceeond. .. .| 79 TH. A 4 .00
sixteenth 5.0 — .47 ' Forty-third.. ... ! 79, 75.23 BN
Seventeenth ... 86,5 ! —1.43 | Forty-fourth ....} 79, 75.23 4 .00
Eighteenth . ®6. 5 + .00 ., Forty-fifth.. : ™5 7176 | — A7
Nineteenth ..., R6.0 .48 X 8.0 7428 — .48
Twentieth ...... 85,5 — .47 7.5 73. 81 — A7
Twenty-first ... K0 -~ 4N 700 73,3 B ]
Twenty-second . 85 — AN i 7.5 73.81 ' + 8
Twem) -third . .| 84H 00 Plnnlh ......... 775 73.81 + .00
Twenty -fourth.. \ R3.0 — .95 1 Fifty-first........ 7.0 73.81 + .0
Twenty-titth....: 84.0 L8 Sixty-first Lo 770 73.33 — 4%
Twenty-sixth ...' 83.5 - 48 ' Kixty-seventh ... 76,0 72,38 ~ .95
Twenty -seventh X5 — .95 | Seventy-fourth.. 76.0 72,38 .00

Twenty-cighth . 2.5 | 4.0 | I ,
1 1
aChange of solution.
-
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Preserrvative:

B
|
' \\ngluuf

brain
o Date of  immedi-- brain
X autopsy.  ately 0 oafterd
B fafter ex- - week.
= ftraction. !
s I
TS, Girams, (Frams.
125 June 16 20 ECT
2 codol o 7.0 aloz. o
o n2o b
cdooo 16,0 ZELINT]

[Brain weighed daily.

Absolute
welght

At the end of
<lll.\'4

First . ...
Third
Fourth.
Fifth...
Sixth
Seventha |
F,iuhlh
Ninth .
Tenth. ...
Eleventh
Twelith
Thirteenth
Fourteenth
Filteenth
Sixteenth
seventeenth |
Eighteenth
Nineteenth
Twenticth
Twenty-first ...
Twenty second |
Twenty-third .
Twenty- luurlh

Google

Per cent
of
Coriginal
weight.,

asolution not changed,

[Condition of brain:

of
original
 weight,

Received June 16,

per grdam).

brain I of the end of
after 1 original! first and Date
month, welght.!  end e
| of fotrth
| week. |
|
Grafus. © 1905,
7 Aug. 16
‘i o
do
cdo

Change in

peree

ntage

of original

weight
from dany

to day.

2,75

+ 00
B )
L
i
P N

¢ Forty-third

Medinm.)

1005,

At the end of
duny.

Twenty-cighth ..
Twenty-ninth ...
Thirtivthee
Thirty- nr~(
Thirty-
Thirty-
Thirty-
Thirty-fi
Thirty-sis
Thirty-scventh ..
Thirtv-cighth ...
Thirty-ninth .. ..
Fortieth
Forty-first

Forty second

h-r(\ fourth ...

i
Forty-seventh .
lmx(\ cighth ...
I+

aChange of solution,

: 1 Per cent |
I of change -
We lghln( Per coent Weight of Per cent' hetween

bAtG .

PROCEEDINGS OF THE NATIONAL MUSEUM.

"

v

OL.

XXX.

Eighty parts of 85 per cent aleohol and 20 partsof 5 per cend formalin (3 c. c.

Addmnnul v -uzhmg\

Per cent

Weight of
of brain. original
weight.
! Grams.
90, 5 88,72
105.0 K9, 74
A 82,59
82,07

¢, per gram.

(rrams,
.
1.
iy

Absolute
weight.

0
0

Original weight, 109 grums.]

l«runl

of

original
weight.
|

Chabge in

percentage
of original

weight

from day

to day.

-

B

0
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Preservative: Sixty-five purts of 95 per cent alcohol and 35 parts of 3 per cent formalin.

[Condition of brain: Medium.]

| ' ’ ‘ f Per cent " Additional weighings.
Weight of of change ——— —_ - :
| brain Weightof Per cent Weight of Per cent; between
« | Date of ' immedi-  brain of brain of the end of Per cent
2 | autopsy. | ately ' afterl original'! afterl 'original first and Date. Weight of
g after ex-  week. weight. month. | weight. end *of brain.!original
El | traction. ' ‘ of ﬁ'm;lh ) weight.,
Z | week., |
| l U -
1 "
| ! |
! 1905. | Grama., (framas. Gframs. | . \ Grams.
125.! June 16 ! 93.5 aR9.5H 9572, ax9.0 |  O0A 1S -0.50 ' Aug. 16 | 89.0 9. 18
129.). . .do... 9.5 a®2H  96.s6 ! a0 06,3 —0.5 ...do.. 95 96. 86
130')‘....(10..., 112.0 101.0 90. 18 a9t h | RTOO ! —2.47 ... .do... 99.0 8%.39
| . i i i ! |

{Brain weighed Aaily.
—

At the end of l Absolute
| weight.
I

day.

Eighthn. ...
Ninth
Tenth.._....
Eleventh...
Twelith....
Thirteenth. ..
Fourteenth .. ...
Fifteenth ..
Sixteenth.......
Scventeenth ...
Eighteenth __...
Nineteenth .
Twentieth
Twenty-first.....
Twenty-second .
Twenty-third ...
Twenty-fourth..
Twenty-fifth .. ..
Twenty-sixth ...
Twenty-seventh |

Grams.

woy

LR T~ ]

aSolution not changed.

Google

. Change in

Per cent | percentage

of
original '
weight. | from day

. of original
weight

| to day.

[l S BTN
=
[

St

Received June 16, 1905,

|

f
[

aChange of solution.

~ bAtG e, c. pergram,

I

At the end of
day. |

Twenty-cighth ..
Twenty-ninth ...
Thirtieth........
Thirty-tirsta_. ...
Thirty-second ...
Thirty-third
Thirty-fourth....
Thirty-tifth....

Thirty-sixth
Thirty-seventh ..
Thirty-cighth s
Thirty-ninth ...
Forticth
Forty-tirst
Forty-second .. ..
Forty-third...... ‘
Forty-fourth.....
Forty-fifth
Forty-sixth
Forty-seventh. .|
Forty-cighth
Forty-ninth .
Fifticth
Fifty-first ..
Sixty-first..... .
Sixty-seventh ...

original weight, 96 grams.)

I Per cent
[ Absolute of
weight. | original
. weight,
Grams.

91.5 9. 31
91.5 | 96. 31
92.0 95, 83
91,5 " 95, 31
91.5 95, 31
91.5 95. 31
91.0 4, 7
91. 5 5, 31
9.5 .
91.5 . 31
91.0 94.79
91.0 91.79
1.5 95, 31
1.0 94.79
9.0 .79
1.0 .79
91.0 .7
91.5 95,31
91. 5 95. 31
91.0 94.79
91.0 M. 79
91. ¢ 94,79
91,0 M. 7Y
91.0 4.7y
1.5 | 95. 31
91.0 M7y

Change in
percentage
of original
weight
from day
to day.

+0.00
.00
.H2
L2
.00
.00
.62
.92
.00
.00
L2
.00
LA2
02
.00
.00
.00

LH2
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