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addition. The execess of chlorine is then driven off by
prolonged heating over the water-hath, or by the pas-
sage of a stream of (rm'bnmc. acid ﬂu‘_cmgh fhe liquid,
which is then filtered and subjected to the regular proe-
ess of qualitative analysis. ; : :

The analysis for allaloids, g']‘ucosndcs, ete., is one
which requires great care and delicacy of manipulation.
The amount present in any one case 1s usqal]_\' very small
and widely distributed, and it is, therefore, not at all
surprising that an analysis for this class of poisons often
vields negative results even in the best of hands, when
the administration of the poison may be proved abso-
lutely. The method of Dragendorff for this class is the
one most favorably regarded. This process is briefly
as follows: The tissues are cut up small and extracted
with acidulated water for several hours at 40° to 807 (?':.
strained through cloth, and filtered. The filtrate is
evaporated to beginning syrupy consistence, mixed with
three or four volumes of aleohol, and allowed to stzm_:l
twentv-four hours. It is then filtered, the alcohol is
driven off by evaporation, and the residue is transferred
to a stoppered flask after being cooled and filtered.
The fluid is next shaken in the flask with freshly rectified
naphtha, and then allowed to stund until the two tluids
separate into two layers. The naphtha is then decanted,
and the process is repeated as long as a portion of the
naphtha decanted each time leaves any residue on evap-
oration. The naphtha removes piperine, picric acid,
camphor, and similar substances, a constituent ‘of the
hlack hellebore, ethereal oils, capsicin, cnrbnhc‘ nc-}rL and
decomposition products of acomite. The fluid is next
shaken with benzol, which removes caffeine, cantharidin,
“santonin, caryophyllin, cubebine, aloetin, digitaline, col-
chicine, chrysammic acid, picric acid, and coloeynthin.
It is next shaken with chloroform, which removes cin-
chonine, theobromine, papaverine, narceine, picrotoxin,
helleborein, digitalein, saponin, and jervine. 1t 15 then
shaken with naphtha, which removes the excess of chloro-
form, and next is made alkaline with ammonia, and
shaken again with naphtha, which removes E!-l'}'('lll]illi‘,
guinine, sabadilline, conhydrine, brucine, veratrine, eme-
tine, coniine, lobeline, nicotine, aniline, and trimethyla-
mine. From the alkaline fluid benzol removes atropine,
hyoscyamine, strychnine, brucine, physostigmine, qui-
nine. einchonine, narcotine, codeine, thebaine, \'c_rm-ri:w.
sabadilline, delphinine, nepaline, aconitine, napelline, ;_unl
emetine. Chloroform is then used to remove nml‘plup(u
papaverine, and narceine, and amyl aleoliol for morphine
and solanine. The fluid is then evaporated with gl
powder and extracted with chloroform, which removes
curarine. These separate extracts are evaporated each
in several watch-glasses, and the residues subjected to
chemical and physiological tests. .

Charles Harrington.

POISONS, ABSORPTION AND DISTRIBUTION OF,
IN BOTH ACUTE AND CHRONIC CASES.—All poi-
sons arve absorbed. They may entér the body by various
channels, but sooner or later they find their way into the
circulating blood and lymph, and are then distributed in
greater or less quantity throughout the body. Toxic
action is directly dependent on the absorption of !]u‘!
poison, and the extent of action isin direct proportion
to the rate of absorption. A substance in itself insolu-
ble and indiffusible, or incapable of being rendered solu-
ble and diffusible by the juices of the body. is incapable
of being absorbed, and hence cannot be a poison.

The fact of absorption cannot now be questioned.  All
poisons capable of detection by chemical or other meth-
ods are found after death in the blood itself, and in parts
of the body remote from the point of introduction ; _;md
this is true whether the poison has been introduced into
the body through the mouth or rectum, through the
lungs by inhalation in the form of vapor, by Ih‘\"pmlf}l’nm:
injection, by contact with an abraded surface, or even
through the sound skin.

CIRCUMSTANCES WHICH MODIFY THE ABSORPTION OF
Porsoxs.—Obviously, one of the most important circum-

125

=

HANDBOOK OF THE MEDICAL SCIENCES.

stances modifying the absorption of a poison is its solu-
bility and diffusibility. Everything eclse being e¢qual,
the greater the solubility and diffusibility of a poison, the
more rapid its absorption, and hence the more rapid its
manifestation of toxic action. As a rule, the salts of the
alkaloids are more soluble than the alkaloids themselves,
and hence the toxic action of the former is more rapid
than that of the latter. Arsenile of potash is more rapid
in its action than arsenious acid; and this is due in greag
measure to the rapid absorption of the more soluble com-
pound. Theaction of many chemical antidotesis confined
wholly to the conversion of the rapidly soluble form of
the poison into a compound either wholly insoluble, or
insoluble to such an extent as to delay its absorption, and
thus admit of its removal from the body before it has been
absorbed in sufficient amount to lead to a fatal result.
Thus, in poisoning with oxalic acid the exhibition of lime
water in large quantities leads to the formation of caleium
oxalate, a compound comparatively insoluble and hence
limited in its toxic action.

Again, the absorption of a poison naturally soluble is
inereased by introducing it in the form of a solution.
Thus arsenious oxide introduced into the stomach dis-
solved in water, is more rapidly absorbed than when
introduced in the form of powder. Further, when dis-
solved in dilute alkalies, thereby being converted into a
new body, it is still more rapidly absorbed, thus intro-
ducing another feature into the problem, viz., that of
diffusibility. It is here much the same as it is with ce
tain foods: in order to have absorption we must have
not only solubility, but also diffusibility. Thus raw
ege albumen, while readily soluble, is of little use as
food until by the action of the digestive juices it is con-
verted into  deffusible products. Arsenious oxide, then,
when dissolved in a given volume of water, is rapidly
absorbed: but the same equivalent of arsenic introduced
in g similar manner, in the form of an alkali arsenite,
is still more rapidly absorbed by virtue of its greater
diffusibility. Ience, everything else being equal, the
more soluble and diffusible the form of the poison, the
more rapid is its absorption, and consequently the more
vigorous its toxic action. : 5 :

A gain, the nature of the surface to T\\']HC]I the poison is
applied modifies materially the rate of absorption. This
depends mainly on vascularity ; the greater the supply
of blood, the more rapidly does absorption go on. Hence
the introduction of a poison in the form of vapor into
the lungs leads to more rapid absorption than does injec-
tion into the intestine; and similarly, the injection of a
soluble poison into the intestines or vagina is 5:1'5.]11_1;1;'113'
followed by more rapid absorption than when it is intro-
duced into the stomach. While, then, the natural vas-
cularity of an organ or tissue has some modifying influ-
ence on the absorption of a poison, the condition of the
blood-vessels also exerts some influence. Fulness of the
blood-vessels opposes a mechanical obstacle to absorption
and thisnodoubt explaing, in part, why itis that poisons
taken on retiving at night are sometimes delayed in their
action until the morning, since during sleep the with-
drawal of blood from the brain leads to an accumulation
in the abdominal organs, and hence retards absorption
from the alimentary canal. For asimilar reason, poisons
taken on a full stomach are much less rapidly absorbed
than when the stomach is in a comparatively empty con-
dition. The delayed absorption incident to the former
state ig, of course, due in part also to the :1):‘1‘1121!11_051]
obstacle afforded by the food itself, the latter keeping
the poison for a time away from the s;l‘nn}:u‘l:.\\'aﬂls.
Henee absorption, and consequently toxic action, is most
rapid when the poison is taken into an empty stomach,
less rapid when taken with food, and still less rapid
when taken after a hearty meal. ;

In ‘considering absorption from the alimentary canal,
we have to notice, further, the modifying action of the
dicestive juices. Insoluble substances are not directly
absorbed, but many compounds, by the action lo_f the
digestive juices, are so altered that their solubility is
either increased or diminished, thus modifying their ab-

sorption, and hence their toxic action. As examples of
the former there are many metallic carbonates, as lead,
copper, zine, and manganese which, when taken into
the stomach, may be changed by the acid of the gastric
juice into soluble chlorides, so that what was in itself an
insoluble aud non-poisonous substance may be converted
into a vigorous poison.

DigPOSITION OF THE POISON AFTER ABSORPTION,—
Once entered into the circulation, there is a twotold dis-
position of the poison possible. Either it is deposited
for a time in the various tissues and organs of the body,
or else it is at once eliminated through some one or more
of the various emunctories. Ordinarily, if suflicient
time intervenes between the taking of the poison and
death, there is a temporary deposition of the poison
throughout the body—after which, however, the depos-
ited poison is gradually redissolved and eliminated.
Careful study of collected facts further shows that, as a
rule, the poison is deposited in the largest amounts in
the liver, kidneys, spleen, heart, lungs, muscles, brain,
and bones. In other words, these organs and tissues
have the power of absorbing and retaining poisons, and
furthermore, this absorbing power is not the same for
the different organs. Chemical analysis in poison cases,
and in experiments on animals where the conditions are
known witn much more definiteness, clearly testifies to
the accuracy of this statement. TFurther, variation in
the conditions under which the poison is taken modifies
not only absorption as a whole, as already indicated,
but also the absorption by individual organs and tissues.
The form - of the poison; the character of the dosage,
whether small and oft-repeated, or a single large one;
the mode of administration, etc., all are liable to exerf
their own modifying influence on the absorption of the
poison by the different organs. A knowledge of such
modifying influence must then necessarily be of great
value, especially in medico-legal cases; for in time the
accumulated facts will serve as data on which to found
definite conclusions concerning the form of the poison,
the mode of administration, the length of time interven-
ing before death, and many other points of a similar na-
ture, so important in criminal cases.

In this connection, thervefore, the results of the quanti-
tative analysis of the various organs and tissues of the
body in poison cases are of great importance, for, as they
show the distribution of the poison under known condi-
tions, the time may come when it will be possible to
draw deductions in unknown cases from the analytical
results.

During the past few years many data have been col-
lected in this direction, a few of which may be advan-
tageously mentioned.

Carbolic Aeid.—A man swallowed 15 c.c. of an official
preparation of carbolic acid (100 parts phenol -} 10 parts
of water), and died in fifteen minutes. With the internal
organs Dr. Bischoff ! obtained the following results:

112 gm. of blood contained (. gm. phenol = (L0231 per cent.
1.480 *t Jiver . 5 5 o G 0480 =
822 : : £ s = .0620
508 s 3 5 867
ain. . i ; 14 0217
[P Y hi L PO i = 0112

This case is particularly interesting as showing how
rapidiy a readily soluble and diffusible substance may be
absorbed, and how quickly it may be distributed through-
out the body. Further, it is to be scen that the poison
was, at the time of death, in position to be eliminated,
having entered into the urine.

Oxalic Aeid.—An unknown dose of oxalic acid, fol-
lowed by death in fifteen minutes. The amounts of
oxalic acid found by Dr. Bischoff were as follows:

. stomach, intestines, ete....
liver. T
heart blood
heart.. ...
kidney
urine .

. 0xglic acid.

brain

REFERENCE HANDBOOK OF THE MEDICAL SCIENCES. TSy

Poisons,

Potassivm Oyanide.—An unknown case of potassium
cyanide. The analysis made three days after death.®

223 gm. stomach and contents .............contained 0.0692 gm. HON.
: intestines. : . =2 0186 H
intestines 2 ) L4
liver ..
heart.,
brain

Arsenie.—The case of an adult female who lived two
days after taking a fatal dose, furnishes the following
results reported by Dr. E. 8. Wood.?

179 gm. stomach
5 ** stomach contents. .
490 intestines
G2 intestines content
RS SR
left kidney
right kidne
2 uteruns .
521 brain

In all these casesof poisoning the order of distribution
of the poison is much the same as that previously stated,
the liver standing first, then the Kidneys, heart, lungs,
etc. In experimenting on animals, however, where the
poison can be variously introduced, it has been noticed
that the distribution of the absorbed poisonis not always
the same. It is easy to see how there might be a decided
difference in an acute and chronic case of poisoning, for
if elimination of the poison commences at once, it fol-
lows that the relative amount of poison contained in the
liver and kidneys must necessarily be different in a
chronic case than where a single large dose of the poison
is taken. Again, it 18 nof difficult to see how the form
of the poison might modify the rate of absorption and
the order of distribution. Thislatter fact hasbeen clearly
indicated by results obtained with arsenic, both in ex-
periments on animals and in poison cases. Thus Scolos-
suboff,* under the impression that the muscular paraly-
sis noticed in the extremities of animals poisoned with
arsenic was accompanied by a localization of the poison
in the muscles, subjected his hypothesis to the test of ex-
periment, feeding the animals experimented on with a

-solution of sodium arsenite. The results obtained in this
manner were allof a like nature, and in several respects
different from all preconceived ideas. Thus, in one ex-
periment with a bulldog, which had been fed for thirty-
four days with the arsenite, the following amounts of
absorbed arsenic were found:

100 gm. of muscle
100 * liver .
100 * brai 2 c 8.85 = £
100 * apinal cure 9.33 £k A

contained 0.25 mgm of arsenie (As).
i 201 ey v

It is to be noticed in this experiment that the amount
of arsenic in the brain is three times as great as in the
liver. In another experiment, with a griffin dog, the
brain contained, per 100 .gm. of tissue, double the
amount of arsenic contained in the mugcles. In every
experiment, comparatively large amounts of arsenic were
found in the brain, thus giving evidence of a special
localization of arsenic.in nerve fissue; but this result
was contrary to the.experience of all toxicologists in
arsenic cases. Scolossuhoff gave his results to the world
as characteristic of arsenic poisoning in general, without
apparently considering that he was experimenting with
a form of arsenic seldom used as a poison, and with
which toxicologists had had little practical experience.

In the white oxide of arsenic (As.03), the arsenic of
commerce, and the form most commonly used as a
poison, we have fo deal with a substance but slowly
goluble, while in sodium arsenite we have one of the
most readily soluble and one of the most easily diffusible
of the solid compounds of arsenie. 1f the amount of
arsenic in the brain could be taken as an index of the

Jorm in which the poison was taken, whether as a solu-

ble or as a comparatively insoluble compound, it would in
many casges of poisoning be a point of great importance.
But in order to have the point in guestion of any practi-
cal value, we must be certain, on the one hand, that
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under no circumstances can the taking of the white oxide
of arsenic, either in the form of powder or dissolved in
water or other neutral fluids, be attended with accumu-
lation of arsenic in the brain other than in the merest
trace: while, on the other hand, the taking of a soluble
arsenite should be attended with a proportionally large
amount in the brain, It might beargued that in chronic
cases of poisoning with arsenious oxide, where the person
has for weeks or months been taking small or gradu-
ally increasing doses of the oxide, the poison might then
accumulate in the brain. Such arguments have been
made, but the facts at our disposal tend to show the in-
correctness of such a theory. On the other hand, the
use of the more soluble arsenite (and doubtless all of the
other soluble salts of arsenious and arsenic acids) should
be attended with a noticeable deposition of arsenic in the
brain. The literature of the subject contains but little
definite, the amount of arsenic in the brain being gener-
ally expressed as a mere frace or in other equally am-
biguous terms; implying, however, in the generality of
cases, that when present it was only in very small guan-
tity. But recent data on this point are quite decided.
B. Ludwig,’ of Vienna, writing from a large experience
on the distribution of arsenic in the organs and tissues
of suicides poisoned with arsenious oxide, and likewise
in the organs of dogs poisoned with the same form of
arsenic, both in acute and in chronic cases, says: “In all
experiments it was invariably found that most arsenic
was collected in the liver, that in acute cases the kidneys
also contained considerable arsenic, while the bones and
brain showed but very small guantities of the poison.”
Ludwig, moreover, states that “in chronic poisoning with
arsenic, where death does not result, the poison remains
longest in the liver, while from the other organs it is
excreted much earlier.” Quoting one of his cases, that
of a suicide, an acute case of poisoning with argenious
oxide, the following results are worthy of notice:

1,480 gm. of liver
144 *  Kidney
600 muscle. .. .78 s

1,461 brain ... i .09 2

: bones only a trace.

.contained 51.9((;] mgm, of arsenic (As.)
: i e H:

In 1880, the writer,® in conjunction. with Professor
Johnson, reported on two cases of poisoning with arseni-
ous oxide, in which the poison was detected and deter-
mined in all parts of the body. In one case there was no
question whatever as to the form in which the poigon was
taken, for a mass of the white oxide was found undis-
solved in the stomach itself. Here there was present in
the stomach, liver, and other internal organs, 83.2 grains
of the poison, while the brain contained a hardly per-
ceptible trace of arsenic. It would thus appear that
the ameunt of the poison taken has little influence on
the amount absorbed by the brain. In this particular
instance there was as large an amount to draw upon as
is often found in cases of poisoning, yet the guantity
contained in the brain could not have been much smaller
and been recognizable. The length of time, however,
intervening between the taking of the poison and death
was probably not long, although there had been time for
decided absorption by the liver and other organs. In
the second case referred to, where there was decided evi-
dence of chronic poisoning, a somewhat similar result
was obtained. In this case there was present in the en-
tire body 5.22 grains of arsenious oxide, most thoroughly
and evenly distributed, even to the bones, and yet the
brain contained only an unweighable trace of the poison.
Again, experiments carried on in the writer’s laboratory,
on animals have led to the same result; whenever the
animals have been fed with arsenious oxide, the amount
of arsenic found in the brain has been extremely minute,
while in poisoning with a soluble arsenite a much larger
amount has been found in the brain. At one time it was
considered that the presence of arsenic in the brain was
proof positive of the ante-mortem character of the poi-
son: that in no case would the poison, introduced into
the stomach or rectum after death, find its way by os-
mosis to so remote a part as the brain. Sutton,” how-

724

ever, by experiments conducted on dead animals, finds
that arsenic may pass by diffusion quite rapidly even to
the brain, Such being the case, the only way to distin-
guish between ante- and post-mortem introduction of
arsenic would be to determine the amount of poison con-
tained, for example, in the outer portions of the liver, as
compared with the percentage amount in the centre of
the organ. Guareschi® bas also reported on the distri-
bution of arsenic in a case of poisoning with arsenious
oxide, and he likewise found only traces of the poison in
the brain. Many other cases of poisoning with the more
insoluble forms of arsenic, in which the distribution of
the poison has been studied, lend favor o this view, that
arsenic is to be found in the brain in any quantity only
when the poison has been faken in a readily soluble
form. One case which came under the write obser-
vation is particularly important in this connection. A
laboring man ate for his dinner a quantity of bean soup;
almost immediately after he was seized with the ordi-
nary symptoms of acute arsenic poisoning, and died in
nine hours. 'The autopsy showed a marked condition of
inflammation of the alimentary tract, and a chemical
analysie showed 76.0 mgm. of arsenic in the liver, 0.6
mgm. in the kidney, while one-half of the entire brain
contained only a recognizable trace of the poison. 2
portion of the soup (125 c.c.) yielded 314.6 migm. of
arsenious sulphide, while the fact that the arsenic was
introduced in the form of arsenious oxide was proved by
finding in the sediment from the soup an abundance of
the octahedral crystals of the oxide. Buch a case as
this must necessarily carry considerable weight with it.
Bverything favored the absorption of the arsenic, yet
the brain contained only the merest trace. gain, the
writer has obtained like results in an acute of poi-
soning with Paris green, or aceto-arsenite of copper, in
which the liver (2,984 gm.) was found to contain 12.7
mgm. of arsenic; the kidneys (515 gm.), 8.4 mgm.; T35
gm. of muscle, 0.9 mgm., and the brain (1,179 gm.) only

- a slight trace. These results certainly indicate that the

relative distribution of the poison may offer some sugges-
tion as to the form in which the poisen was administered,
and that, with arsenic at least, a comparatively large
amount in the brain may be indicative of a readily soluble
form of the poison. In this connection, however, there
are always other facts to be learned in the distribution of
the poison, which may substantiate the indications ob-
tained by analysis of the brain, and at the same time,
perhaps, enable us to distinguish between an acute and
a chronic case of poisoning.

1t is a favorite defence in poison "cases, particularly
with arsenic, morphine, and some other poisons, to claim
that the poison found in the body of the deceased came
from some hypothetical medicine containing the poison,
and which the deceased had long taken, or that the per
son was habituated to the daily use of the toxic agent.
A study of the distribution of, arsenic in acute and
chronic cases of poisoning shows plainly that many times,
with this poison at least, it is quite possible to decide
definitely whether the poison has been for a long time in
the body, taken in oft-repeated doses, or whether it has
been introduced in one or two large doses.

As preliminary to a discussion of this point I will
quote two results of my own experience.

(@) In this case there was every reason to suppose a
case of chronic poisoning with arsenious oxide. The
following results were obfained by analysis of the parts
a year and a half after burial:

|W01’ght of Weight of
| organs. ‘ argenie. | Per cent.
1{}|-nms. Grams.

Stomach and spleen 514 | 0. 0.0
Kidneys <l 80

Liver

One lung and heart .

Intestines and uterus 5 .

One lung and liguid from th | 400: A

BIAAAEE o ol sles e sl s 4 Trace.
Brain... | 7 Trace.
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Weight of [ Weight of
organs. | arsenic. | Per cent.
Grams. | Grams.

Upper arm (1eft)... 662 | 00542 00081
Forearm 2 5 288 L0158 00055
Hand e 5 150 | ,00019 00012
Lower leg (right) . . 1,823 00864 00085
Thigh TS 01635 | 00051
Foot. e i i 4 00105 00022
Thigh bone * : .00040 00006
Transverse section of hody above pel-

vis . 03011 | .00156
Muscle and ribs from left . 406 00371 | .00091
Abdominal muscle, right side ; 00358 00058

() In this case the evidence pointed to acute poisoning
with some readily soluble form of arsenic. Following
are the results obtained by analysis:

Arsenic as
Asg(g.  Grain.

Kidneys .

Heart (one-fourth)

Tungs ond spleen (two-
Brain (one-third)
Diaphragm

Trachea, larynx, and tongue

*The internal organs were preserved separately in alcohol, hence
the weights of tissue analyzed are not given.

Weight of | Weight of
tissue. | arsenic. | Per cent.
Grams. | Grams.

Left arm | 1,230 0.00600 | 0.000495
Right leg ... .| 4630 00764 | 000164
Thigh bone . 216

Transverse section of body at pely

Musele from breast (right).....

Musele from back (left)

In («) the total amount of arsenic was 5.26 grains, in
(5) 3.119 grains; yet it is to be noticed in (b) that the
brain contained a comparatively large amount of ai-
senie, while in (z) there was found only a trace. This
fact, if our theories concerning absorption by the brain
are correct, would imply the administration of a soluble
form of the poison. Further comparison of the two
series of analyses shows other noticeable points of differ-
ence which point to the same conclusion, and also throw
some ]ig.;ht on the character (acute or chronic) of the
poisoning.

When there has been time for even distribution of the
poison, as in chronic cases, there would seem to be no
reason why one set of muscles should contain more arsenic
than another, aside from such differences as might arise
from differences in vascularity, ete. On the other hand,
there is every reason for supposing that when death
ensues only a few hours or less after the poison has been
taken, the distribution might be quite irregular.

The following table shows the distribution of the
arsenic through the musele tissue in the two cases, cal-
culated to grains of As,Os per pound of tissue:

(er)

.. 0.004

.. 083

109

5 (046

Musele from breast . .U63

Museie from back..... Sl
Muscle from abdomen

In («) the results, with the exception of the transverse
section, show a fairly close agreement. Thereis not that
gradual increase from nothing in the bone up to a fourth
of a grain per pound as seen in (5). The irregular dis-
fz'ihut-inu of the poison in tissue of the same Kind, noticed
in (B), is certainly indicative of the arsenic having been
taken but a short time before death, particularly as there
was none whatever found in the bones, which fact would
certainly exclude the possibility of chronic poisening.

Again, in (b) the two kidneys yielded only 1.5 mgm.
of :_netallic arsenic, while the torgue and adjacent parts
(175 gm.) gave 4 mgm., and a portion of the muscles (200
gm.) gave 5.65 mgm. of metallic arsenic.

Assuming the usual order of distribution, the amount
of arsenic in the kidneys in (b) would suggest only a
1_11'01)011'1‘011;1]13,* smaller amount in the muscles; and yet
in this particular instance the amount of arsenic con-
tained in 620 gm. of muscle tissue is greater than the
amount contained in the entire liver and kidneys together.
The kidneys, however, are the organs above all others
concerned in the elimination of arsenic. Elimination
usually commences almost immediately, and yet in this
partictlar case there is but 0.029 of a grain of arsenic in
the kidneys, while in less than three pounds of muscle
tissue there is contained half a grain of the poison. This
fact would necessarily imply that elimination had but
just commenced, and that consequently the poison had
not been long taken. It might, perhaps, be argued that
the proportionally large amount of poison contained in
the muscles, as compared with the liver and kidneys,
might imply chronic poisoning, but ceupled with the
peculiar distribution is the entireabsence of arsenic from
the bones. Ludwig, moreover, states that in *both
acute and chronic poisoning with arsenious oxide, most
arsenic is invariably found collected in the liver,” and
that “in chronic poisoning with arsenic, where death
does not result, the poison remains longest in the liver,
while from the other organs it is excreted much earlier.”
It is impossible, therefore, to make the results obtained in
() accord with a case of chronic poisoning with arsenious
oxide; and further, the amount of poison found in the
brain, and the proportionally large amount in certain
muscles, would apparently indicate an extremely soluble
and diffusible form of arsenic as the toxic agent.

Such results as these certainly favor the belief that
it is quite possible to draw definite conclusions as to
whether we are dealing with an acute or a chronic case
of poisoning. Further than that, it is possible, in some
cases, to decide even more definitely regarding the time
at which the poison was taken prior to death. In this
counection, the fact to be considered most closely is the
amount of poison contained in the liver, as cofnpared
with the amount present in the alimentary canal and in
the different organs of the body. When arsenic, for
example, is taken into the stomach, absorption by the
liver through the portal circulation commences almost
immediately : and, as Dr. Geoghegan?® has plainly de-
monstrated, deposition of arsenic in the liver continues
to increase up to about fifteen hours after the poison
has been taken, after which it commences to diminish.
Dogiel,’® who has confirmed Geoghegan's results as to the
time required for maximum saturation of the liver, says,
“, maximum of arsenic in the liver kills the animal.”
The absolute amount of argenic involved in maximum
gaturation of the liver must necessarily vary somewhat
in different cases. Barker,' from his analysis of portions
of the liver of Horatio Sherman, concluded that the en-
tire liver contained nearly five grains of arsenic. In the
case of Dennis Hulburt, also analyzed by Professor
Barker, the liver contained over seven p;rain's of arsenic,
and it would seem as if these amounts must approach
near to the maximum. When such large amounts of the
poison are found in the liver, it is safe toassume that the
poison must have been taken at least fifteen hours before
death.

In recent cases of administration of arsenie, it has
been claimed by Taylor!? that the poison may be found
in the stomach and intestines, and not in the liver or
other organs. This can hardly be correct under ordinary
circumstances, since death seldom results so quickly
from arsenical poisoning as to prevent the absorption of

at least a small trace of the poison by theliver. Dogiel,'®
who has experimented somewhat on the rapidity of ab-
sorption by the liver, found that on forcing 500 mgm. of
arsenious oxide dissolved in water, into the stomaech of a
dog, death resulted in one hour and five minutes. Ina
second experiment, conducted in the same manner, death
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resulted in one hour and thirty-eight minutes. In the
first case the liver was found to contain 94.5 mgm. of
arsenious oxide; in the second case, 137.8 mgm. Thus,
judging from the amount in the liver at the end of an
hour, cerfainly but a few minutes would have been re-
quired for the absorption of a detectable quantity of ar-
senie.

Arsenic having been deposited in the liver or else-
where, gradually diminishes, and if the person should
survive, entirely disappears in from two to three weeks.
A case bearing directly on this point came under the
writer’'s notice some time ago. An entire family were
taken sick, directly after eating, with all the symptoms
of arsenic poisoning; all of them recovered except one,
a middle-aged man, who died just two weeks after par-
taking of the 'p(:i‘lmm:'l food. An-autopsy was made,
the internal organs were delivered to Ii]u writer for
analysis, toge ther with the various articles of food par-
taken of h\ the family at the time of *]u,n sickness. A
pomrm of the bread (786 gm.) contained 22.7 grains of ar-
senious oxide, while a piece of eake (166 gm.) was found
to contain 55.5 gre ins of arsenious oxide, thus proving
the character of the poicun

Analysis of the internal organs gave the following re-

showing that at the time of death elimination wus
nem]y, but not quite, complete:

Stomach (365 gm.)

contained 0.10 mgm, arsenic (As).
One-third liver (4 = = .20 i i

e s
[

T]an;m s 9 on A £
One-hall brain (3‘#[) Llll ; trace =

Coneise experiments on animals, carried out guantita-
tively, are capable of yielding many instructive resulfs
in reference to the relative distribution of a poison under
different conditions. The writer has recently conducted
a - s of experiments with antimony,!® a few of the
results of which may be advantageously given, as con-
firmatory of some of the preceding statements.

(@) Hypodermic Injection of a Solution of Turiar metic.
—0.120 gm. of tartar emetic was introduced under the
skin (right thigh) of a cat weighing 1,262 gm. The
animal died in two hours. Following is the distribution
of the poison:

Liver

Brain .

Heart .lnd hmg
Kidney

Stomach and infe
Musele from back .

In a second experiment a smaller amount of farfar
emetic (0.082 gm.) was injected hypodermatically, and
instead of being introduced in a single dose, it was
divided into three, and injected separately, several hours
apart. As a result, the animal lived twenty-two hours
after the first dose. The following results show the dis-
tribution of the poison:

Sh. per 100
gm. of
tissue.

Milligrams.

‘ Total | Weight
| weight. of 8h,

|Gr:ims. Milligrams.

11.5
63
Brain o .| 9
Stomach and ir g 5 98
Heart and lungs ..... 17
Muscle from back 106
|
|

5045

126

“Heart ....

The only difference of importance between these two
-ases is the element of time. As might naturally be ex-
pected, therefore, there is a more even distribution of
the poison in the second case than in the first. Further,
in the second case the kidneys stand first in their content
of antimony, the liver conts a proportionally smaller
amount—much smaller proportionally than was found
in the first case. This is, of course, due to the fact that
in the second ease the animal had ]1\'0(1 long enough to
admit of extensive elimination, and, consequently, those
p(ms which had originally contained the most, particu-
larly the liver, had béen drawn on to the greatest extent;
so that at the time of death the excrotory organs, nota-
bly the kidneys, were the riclicst in poison. Quite no-
ticeable in both of these cases is the (nmpn atively large
amount of antimony in the brain—which fact wonld
agree with the previous statements regarding absorption
by the brain when a readily soluble and diffusible form
of poison is used.

(0) Lujection of a Solution of Tartar Emetic per Rectum.
—0.24 gm. of tartar emetic, dissolved in a little water,
was injected into the rectum of a rabbit, in two doses.
Death resnlted in about twelve hours. Following was
the distribution of the poison: 5

|
Total | Weight |“h per }"“

weight. of Sh,
Grams. | Milligrams.

Stomach dlld mall inte;
};1‘1111 o

Heart and lun

Perhaps the most noticeable fes
111(1(0=1;p(11:1t1\ ely large amount of fmtmmn\' contained
in the stomach and small intestines: a result which,
taken in conjunction with other similar ones, would ap-
pear to indicatz special absorptive action on the part of
the epithelial cells of these parts. The amount of anti-
mony in the kidneys, and particularly the amount in the
urine, indicates plainly that at the time of death elimi-
nation was going on rapidly; but the fact that the per-
cenfage content of antimony in the liver was greater
than in the kidneys, might perhaps be taken as an in-
dication that absorption was not completed.

(e) Ereperiment on a Dog with Antimonious Oxide.—A
dog weighing 14.2 kgm. received, with his food, 2.073
gm. of antimonious oxide, during a period of seventeen
days, in doses of from 0.032 to 0. 125 gm. per day. The
dog was then killed by chloroform eighteen hours after
the last dose of antimony had been given. The follow-
ing results show the distribution of the poison:

|
s o
Wemht “"h?n]i)lwnlrm
: tissue,
| Milligrams.

Liver
Lungs
Musele
Brain .
Muscle Hmt
Kidneys....

G o 17
Blood Trace.

1,667 28.10

In this experiment, which may be termed a chronie
case of poisoning with an insoluble form of antimony,
the relative distribution of the poison is seen to be some-
what different from what it was in the preceding cases.
First, the brain contains relatively less antimony than in
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the preceding; secondly, the liver contains a noticeably
large amount ‘of the poison, while the kidneys contain
only a trace. 'This latter result would scem to indicate
that elimination was going on quite slowly ; but analysis
of the twenty-four hours” urine showed that the amount
eliminated by the kidneys in an entire day was consid-
erable. Thus on one dd\' the entire twenty-four hours’
urine contained 13.5 mgm. of metallic an timony ; on an-
other day, 22.5 mgm
With copper, Ellenburger and Hofmeister have found,
by experiments on sheep,’* that the liver contains the
most copper when small doses have been regularly ad-
ministered, and, further, that this retaing the
metal with the greatest ‘rmm(,n;.{, 1:9_\. lm\mg found it
there forty-one days after the last dose. The pancreas
was also “found to retain the copper with nearly equal
; the kidneys do not contain so much of the
Elimination is maiuly by the bile or through the
Deposition of copper in the nerve tissue is
qum small, but st till smaller in the muscles, though
copper is to be found in the muscles after administration
of 1.01717(.\1 salts. Ellenburger and Hofmeister also state
that the dvpoaition of copper is proportionally much
fayc: 11,ct‘ if it is administered in numerous small doses, the
cells then having time to absorb it
With lead, Victor Lehmann ! has obtained some inter-
esting results. In his experiments the lead was intm-
duced by hypodermic injection in the form of nitra
iw animals used being rabbits. Two of his series of re-
sults are given in full,
(@) 0.5 gm. of lead nitrate introduced at one dose.
(B) 0.0I gm, of lead nitrate introduced daily, until
finally a total of 0.21 gm. of the lead salt had been in-
jected.

DISTRIBUTION OF LEAD IN (@)

| |
Lmd p«r 100

Weight of | content of |
the organ. lead.
| Grams. | Milligram.

Muscle .
Bones. .
rain

DISTRIRUTION OF LEAD IN (D).

Lead per 100

Weight of {‘nntvan of am. of

the organ.
Grams.

Liver

IO T 0 = DD = T

Very noticeable in both series is the small content of
lead in the liver, an organ which, as a rule. contains the
largest qmmmt of absor hed poison. Therelatively large
amount of lead in the bile n: iturally suggests that the
elimination of the metal takes place ms unl) through this
channel, which would account for the small eontent of
metal in the liver. Further, experiments conducted on
rabbits show plainly that more lead is excreted in the
fmees than in the urine, the lead in the former doubtless
coming from the bile pmucd into the intestines. Quite
noticeable also is the large amount of lead in the bones,
which amount probably grows larger the longer the lead
has time to act.

Naturally, such systematic work as has been done in

studying the relative distribution of poisons has been
confined mainly to mineral substances, but it is to be
hoped that the time will come when there will be a col-
lection of data embracing all poisons capable of detec-
tion by chemical means. When such a time does come,
it will doubtless be found that we cannot establish any
general laws regarding the relative absorption and dis-
tribution of poisons as a class, but rather that each indi-
vidual poison or group of poisons will show some pecul-
iarity eharacteristic of itself—which possibility, or rather
probability, makes it all the more needful for us to ac-
quire, as speedily as possible, accurate knowledge of the
relative absorption and distribution of the individual
poisons.

Post-inortem Imbibition of Poisons.—Ante-mortem dis-
tribution of poisons ig, as we have seen, due to the carry-
ing power of the blood and lymph. Poisons are ab-
sorbed, distributed, and temporarily deposited. Poisons
may, however, travel through the dead body, after cir-
culation has ceased, bya ]n'or*r-:ﬁ: of imbibition or diffusion,
by the same method as that by which salt works its way
gradually through a barrel of fresh pork when placed on
1henppc' ayers. Therateofi ubltmu of poisons depends
in large measure upon the interval elapsing between the
death of the body and the introduction of the poison.
Arsenie, for example, introduced into the reetum shortly
after death, before the tissues have become rigid, travels
with a fair degree of rapidity and in time may be found

listinet traces even in the brain and spinal cord, while
in the abdominal organs the amount present may be quite
large. Where a long interval (‘id]_‘}*l(\, after death, the
poison infroduced post mortem fravels more slowly, but
even in this case it gradually penetrates to remote parts.
In view of these facts, it is obvious that in cagses of poi-
soning where a s'l":hm of the poison remains in the gas-
tro-intestinal tract di]fl death, and the body is buried for
some time prior to the autc the appe went ante-mor-
tem distribution of the poison is liable to modification
by post-mortem imbibition. Thisis an impertant fact {o
be kept in mind in drawing conclusions from the analy tl-
cal data, especially in cases in which a large sur 1|u~o[‘1
poison is unabsorbed. With metallic poisons, however,
putrefaction may guickly puf a stop fo post-mortem dis-
tribution, since the formation of hydrogen sulphide from
the decomposing proteid material is very liable to tfns-
form the metallic salts into insoluble sulphides, thereby
preventing further migration. R. 1l Clittenden.
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POKE ROOT AND BERRY.—Plytolacce radiz, and
Plytolace fruectus (U. 8. P.), Scoke, Garget. These
two drugs are defined respectively as “the dried root”
and “the fruit ” of Phytolacca decandra L. (fam. Phytolae-
CaCem).

This plantis a v large perennial herb with a thick,
fleshy root and hc'umcr cylindrical racemes of dark-pur-
ple juicy berries. The root, at the crown, attains a
diameter of several inches and divides into two or three
large branches. It is brownish-white externally and
faintly yellowish-white internally. 1t bears quite a close
-wneml resemblance to horseradish, a fact which has led
to numerous fatal poisoning accidents. The stems, when
young, arc bland and juicy and are used by country
pu;]nlu in some lomdltwﬁ: as a ])ot herh. They at length
attain a height of 1to 2, in the Southern States 8 or 4
metres, are at first green, afterward red or purple,
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