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INTESTINAL PLETHYSMOGRAPH. 381

of these methods of being very much simpler, while it is possible to
obtain with it equally, if not more, satisfactory results. It has been
shown by Schiifer and Moore® that air is far preferable to salt
solution or oil as an oncometric medium and therefore air is the
medium employed in the present apparatus. In its simpler form this
consists of a hemispherical basin four inches in diameter and about two
inches deep, to the margin of which is fixed a flattened rim about three-
quarters of an inch wide. At the bottom of this basin is an elliptical
opening about one inch long by half an inch wide, which leads into a
projecting tubular portion about an inch long; near the rim, a glass
tube is inserted for the purpose of connecting the oncometer with the
recording apparatus. This is an ordinary Marey’s tambour and the
connection is best made by means of a piece of rubber pressure tubing ;
a side tube is interposed to allow of the pressure being equalised on
both sides of the tambour membrane; during the progress of an
experiment this is kept closed by a clip.

To apply the instrument, an inecision about an inch and a half long
is made in the linea alba, preferably below the umbilicus, as this
prevents ejection of viscera during violent contraction of the abdominal
muscles. The apparatus is then supported in a refort ring over the
abdomen of the animal and the intestine drawn through the elliptical
opening into the basin. When as much of the small intestine as
possible has been drawn through the opening, the ends are eut between
ligatures and the attached ends returned to the abdomen, thus leaving
within the basin a long loop, consisting of practically the whole of
the small intestine, attached merely by peritoneum and its enclosed
structures. The space around this pedicle is then carefully packed
with cofton-wool soaked in vaseline and finally with vaseline itself,
the top of the vessel being closed finally by a glass plate luted on with
vaseline. Before placing this last in position, it is advisable to moisten
its lower surface in the centre with salt solution ; this prevents conden-
sation of moisture on this surface and allows one to see the intestines
during the whole of the experiment.

Such a basin may be made very conveniently from stout gutta
percha, which has the advantage of being readily moulded into any
shape required; the instrument in question was made by softening
sheet gutta percha in hot water and pressing it with well wetted
fingers into a wet mortar; the whole operation may be very con-
veniently conducted under a hot water tap.

! This Journal, xx. p. 1. 1896,
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As in the case of the gutta percha basin, there is an elliptical
opening in the bottom of the inner vessel connected with a short wide
tube, which passes through the outer one and projects for a short
distance beyond it, while from near the circumference a tube passes
from the inner vessel for the purpose of connection with the tambour.

The method of keeping the apparatus at a constant temperature is
to pass water at a constant pressure through a tube heated in a water
bath and then through the instrument. To do this one takes an
inverted bell-jar fitted with a cork through which passes the stem of
an ordinary glass funnel, the wide end of which is thus within the bell-
jar; through the cork a wide glass tube is also passed. Water from
the supply pipe is allowed to flow into the funnel at such a rate that
there is always an overflow, which escapes by the wide tube. The
stem of the funnel is then connected by means of india rubber tubing,
with a loop of metal tubing, immersed in a fairly large vessel of boiling
water; this vessel must be provided with a cover through which the
ends of the loop pass in order that a constant amount of tubing may
be exposed to the hot water. About 12 in. of § in. gas-piping will
answer excellently; a greater length of tubing presents so much
surface to the water that it is very difficult to keep the bath at the
boiling point. The water is then conducted by rubber tubing to the
pipe leading to the top of the water jacket, where it circulates between
the two hemispheres and flows out by the other pipe, which is con-
nected with an india rubber tube furnished with a screw clip, by means
of which the rate at which the water flows, and hence the temperature,
can be regulated. After the water has been flowing for a few minutes,
the temperature will be found to keep quite constant. This T have
proved by control experiments.

This form of the apparatus has the advantage that the intestines
can be drawn from the abdominal cavity directly into a warm chamber,
thus minimising shock and preserving the intestine in a comparatively
normal condition,

For most purposes the simple gutta percha basin answers perfectly
well, especially if the animal be kept on a hot bath and carefully covered
with eotton-wool, but, whenever it is desired to avoid shock, the water-
Jacketed apparatus is preferable.

With either form of apparatus, it is possible to get a very satis-
factory fracing, with a considerable excursion of the lever, the heart-
beats and the respiration waves being both clearly marked. Moreover
the intestine being cut, movements of the abdomen do not affect the
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mstrument. Fig. 3 is an example of a normal tracing taken from a
cat anmsthetised with A.c.E. mixture and ether, the second line is the
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Fig. 8.
L'mn'r line. Carotid iI:'n--Jrl-]1|1'i--:.=iln'n'.
Next line. Intestinal plethysmogram,
Next line. Time in seconds.

Last line. Abscissa of blood pressure,
plethysmogram, the next is the carotid blood-pressure. The two
writing points were exactly vertical under one another. Drs Mott
and Halliburton will deal with the results 1]u:_}‘ have obtained with

the instrument in a future paper.

































PRECIPITATION OF CARBOHYDRATES. 409

I therefore conclude that between soluble starch and achroodextrin
there are a series of erythrodextrins, the earlier ones being precipitated
by saturating their solutions with neutral salts, the end member or
members not being so precipitated.

(/) The achroodextrins. This dextrin, or rather collection of
dextrins, was prepared by allowing diastase or dilute acid to act on
starch paste till beyond the ‘achromic point’—that is, until a portion
of the digestion after boiling and cooling gave no coloration with
iodine. The action was then stopped by boiling in the case of the
diastase experiment, by cooling and neutralisation in the case of the
dilute acid. The dextrins were then precipitated by alcohol, collected,
well washed—then dissolved in water, and boiled on a water bath
to expel the alcohol. The solutions were then cooled and tested in
the ordinary way by saturation. In all my experiments I obtained
a slight cloudiness over the excess of salt in the case of ammonium
sulphate, but no trace with any other salt. This cloud ultimately
settled down to form a few flocculi. These were collected, washed,
and a solution made, but owing to the small quantity obtained, it was
difficult to apply tests to it satisfactorily. It seemed to be converted
into a reducing substance on boiling with acids, and therefore to be
possibly a small portion of the achroodextrin. I endeavoured to discover
if it were some accidental impurity. It certainly is not proteid, and
the alcohol used for its precipitation was gum-free. One hesitates
however to regard it as achroodextrin because of the generally accepted
opinion that all the achroodextrins are later products of hydrolysis than
the erythrodextrins, and therefore presumably of less molecular weight
and less likely to be precipitated.

(¢) Comparison with products obtained by other observers.
The difficulties in the investigation of the products of hydrolysis of
starch become very evident in the very extensive literature of this
subject, which teems with contradictions, varying theories! and a
bewildering profusion in nomenclature, The greatest amount of recent
work has however been done on the later products—the achroodextrins
and the reducing sugars—maltose, glucose, and the much criticised
isomaltose of Lintner and Diill.

! T have omitted any theoretical considerations as to the nature of the process by
which the different products are split off and as to their relation to one another chemically,
which may be found fully discussed in Brown and Morris, loc. cit. ; Lintner and Diill,

Lerichte d. Deutsch. chem. Gesellschaft, xxvi. 8. 2683, 1893 ; Ost, Chemiker Zeitung, xix.
8. 1504, 1895.
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In the following year, Musculus and Meyer', in a paper on
erythrodextrin give it as their opinion that this substance is in reality a
mixture of soluble starch and achroodextrin, in varying proportions,

In 1890 Scheibler and Mittelmeier® investigated some of the
properties of erythrodextrin, especially its phenyl-hydrazine compound,
but state that they regard erythrodextrin as a series, and that no
method of separation of its members is known.

In 1893 Lintner and Diill® in studying the action of diastase on
starch described the following series of products, amylodextrin, ery-
throdextrin, achroodextrin, maltose and isomaltose.

In 1895 the same anthors investigating the products of hydrolysis
of starch by oxalic acid described the following series:

Amylodextrin, giving a blue reaction with iodine, and corresponding

to the soluble starch of other authors.

Erythrodextrinl., giving with iodine a “ red-violet” reaction.

Erythrodextrinll @, giving with iodine in dilute solution a pure

red-brown reaction, blue if concentrated, especially if H.SO,

is present. In dilute solution only the red-brown coloration
appears. This is of great importance as distinguishing it from
soluble starch.

Erythrodextrinll 8, giving with iodine a pure reddish-brown, even

with concentrated iodine in the presence of sulphuric acid.

AchroodextrinsI and II.

Maltose and isomaltose.

The results of my own experiments seem to be strikingly similar to
those obtained by Lintner and Diill by the aleoholic method, since my
products agree with theirs sufficiently closely in reaction ; I have however
not been able to obtain sufficient of the second erythrodextrin to get the
iodine reaction they describe with it. Most of my own experiments
were complete before T was aware of Lintner and Diill’s observations
and are therefore free from bias on that account,

In 1895 Biilow* obtained a soluble starch with somewhat different
properties to that described by the last authors, but this is possibly due
to the method of preparation he used, viz. heating with potash.

In the same year Ost® discussing whether the erythrodextrins

1 Musculus and Meyer. Zeit. physiol. Chem. 1v, 8. 451, 1880.
4 Beheibler and Mittelmeier. Ber. d. Deutsch. chem. Gesellschaft, 1890, S. 3060,

* Lintner and Dtll. Ibid. xxv1, 8. 2528, 1893 ; ibid. xxvi. 2, 8. 1522. 1895,
4 Biilow. Loe. cit.
8 Ost, Chemiker Zeitung, xix. 8. 1504, 1895,
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of precipitation occurred. It was then put into a water bath and
gradually heated to 33°C., more sodium sulphate being added. As
more and more salt dissolved, the solution gradually became turbid,
and in a very short time large flocculi were thrown down. The mixture
was then filtered on a warm-water filter at 33° C.—the filtrate was
found to be quite clear, non-opalescent and glycogen free.

In a repetition of the same experiment, instead of filtering it was
allowed to stand and cool, some of the sodium sulphate soon erystallised
out, and after a very little while the glycogen had all redissolved.

The fact that glycogen can be completely precipitated by salts
differentiates it from the erythrodextrins, of which only the earlier ones
are precipitable ; erythrodextrinlIl, which gives the nearest lodine
reaction, not being precipitated.

I have found ammonium sulphate a very ready and rapid means of

separating glycogen from its solutions, and the precipitate 1s flocculent
and easily filtered off.

Y. Inulin.

Inulin dissolves readily in water on heating. It first swells up,
then dissolves and forms a solution which can be filtered easily. The
experiments on this substance are more difficult since there is no colour
test for inulin. TInulin itself gives no reduction with Fehling’s
solution, and one has to test for it by converting it into levulose by
boiling with dilute acid.

Inulin is not precipitated by saturation with sodium chloride, nor
by sodium sulphate at 33° C.

Both magnesium sulphate and ammoninm sulphate throw down a
finely flocculent precipitate from inulin solutions; this precipitate
when collected, washed and tested gives the inulin reactions, but the
filtrate 1s not inulin free, so that precipitation is only partial.

Magnesium sulphate acts more readily than ammonium sulphate in
precipitating inulin; if however the precipitate be filtered off in the
latter case, a still further precipitation occurs on allowing the filtrate to
stand for some days, but even then precipitation is not complete.

VI. The Iodine Reaction.

At first I used two different solutions of iodine and compared the
results obtained—one, a solution of iodine with potassium iodide in
water, of a colour rather darker than sherry ; the other a solution of
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reaction ; Kiilz' and Vogel state that the coloration with iodine is
obtained more readily after the addition of sodium chloride; Nasse®
also states that the glycogen reaction is increased by sodium chloride,
ammonium chloride and sodium acetate.

Concerning the significance and value of the mdme reaction and ifs
use as a means of identification and separation there is considerable
difference of opinion. '

Mylius® regards the so-called “iodides” as definite compounds,
and says that a soluble inorganic iodide is a necessity for their
production, and that hydriodic acid enters into the molecule of the
iodide of starch which he represents as (C,H,0,I)HL

Duclaux* deprecates the use of iodine as a distinguishing reagent,
and quotes Musculus’s observations on soluble starch to show that the
reaction varies with the concentration. In the light of my observations
and those of Lintner and Diill there can be little doubt that the
soluble starch of Musculusand Griiber contained some erythrodextrin,
which would account for the variations described. On the other hand
one must allow that the iodine reactions show considerable variations
in colour, according to the solution of iodine used, and to the condition
of the iodide compound, whether in solution, or in the form of a
precipitate. There is certainly, however, a substance giving a blue
coloration with iodine, which 1s blue under all circumstances; this
substance is soluble starch ; another gives a mahogany-red with iodine
when in solution, which I have called erythrodextrinIII.

The intermediate substances give iodine reactions of less constant
and definite colours, and it is certain that they have not been obtained
in so pure a condition.

Again, all the iodides can be pl'ecxpltd.ted by salts, and although
their colour in the precipitated condition may be different from that in
solution, yet on re-solution they give the same coloration, and present
all the properties of the original iodide before precipitation.

The iodine reaction of each substance may now be considered
separately.

Starch—gives a blue coloration and precipitate. On heating, the
coloration disappears first, the precipitate later. On cooling, the blue
coloration only returns unless more iodine is added. If the precipitate

! Kiilz and Vogel. Zeit. Biologie, xxx1. 8. 108. 1895,

? Nasgse. Pfliiger's Avchiv, xxxvir. 8. 582-606. 1885.

* Mylins. Berichte d. Deutsch. chem. Gesellschaft, xx. 8. 688,
f Duelaux. Ann. Institut Pasteur, virn BG3-86T. 1894.
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dextrinl. so ‘precipitated, and then further saturating with sodium
sulphate at 33° C.

A solution of the precipitate so obtained gives a reaction with
lodine varying from bright reddish purple to mahogany red. I have
only been able to separate small quantities of this substance, and
cannot therefore be certain of its purity. It is of course possible that
it may be chiefly made up of erythrodextrinl. which has escaped
precipitation by the magnesium sulphate, this is however I think
improbable as I have saturated with magnesium sulphate as III"mj" as
three times before using the sodium sulphate.

Erythrodeatrinll. The filtrate after saturation with ammonium
sulphate of commereial erythrodextrin, or of a starch digestion giving
red or purple with iodine, invariably gives a pure reddish brown
(mahogany) coloration with iodine. If the salt be not dialysed away
previously, the iodine compound is rapidly precipitated, the following
being the sequence of events—the red brown solution becomes opaque,
turbid, brownish black or even greenish in tint, and on standing a dark
blue precipitate is thrown down. If this be collected on a filter and
dried it goes reddish brown again; if the dried substance be then
dissolved in water it gives a blue solution, which instantly changes to
the red brown characteristic of this erythrodextrin, the selufion now
behaving as an ordinary solution of iodide of erythrodextrinIIL.
These variations are probably due to variations in the hydration of
the substance,

Glycogen gives the well-known reddish brown or port wine color-
ation with iodine, very closely similar to that of erythrodextrinIIl. Tt
disappears on heating, reappears on cooling, and is readily precipitated
by salts, completely by ammonium sulphate at ordinary temperatures
and sodium sulphate at 33° C., partially by magnesium sulphate, and
not at all by sodinm chloride or sodium sulphate in the cold.

VII. Theoretical considerations on salt precipitation.

Two chief suggestions have been put forward to endeavour to
explain the precipitation of colloids by neutral salts—the first, that
a loose compound of the salt and the colloid is formed and that this
compound is insoluble.

There seems to be no direet evidence of such a combination, and
the well-known facts that the properties of the precipitated substance
are not in any degree altered by the precipitation and that it dissolves
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widely in their solubility, some like starch forming pastes, or very
viseid solutions, if the term solution may be applied to them at all;
others like soluble starch, being readily dissolved by gentle heat,
yielding clear, . non-viscid, non-opalescent solutions, which however
are easily supersaturated and deposit the substance on standing
or cooling to 0°C. Concerning the relation between this property
and the precipitability by salts it seems that the more easily soluble
the colloid, the less easily is it precipitated. This is well seen
in the increasing difficulty in “salting out” the members of the
following series—starch, soluble starch, the erythrodextrins. It also
seems highly probable that the capacity of being salted out of solution
varies with the molecular weight, in the sense that the greater the
molecular weight of the colloid, the more easily is it precipitated.

It is also of interest to determine in this connection whether
crystallised proteids differ from the ordinary forms in their relations
to neutral salts. Osborne® has shown that the crystallised globulins
derived from plant tissues, like Brazil nut, castor-oil bean, and hemp
seed are not precipitated by saturation with sodium chloride, but are
completely precipitated by saturation with ammonium sulphate, and
either partially or completely by magnesinm sulphate, that is, though
not so easily precipitated as ordinary globulins, they are still capable
of precipitation. These results were confirmed by Chittenden and
Mendel® for the phytovitellin of hemp seed.

Concerning the precipitating power or water-attracting power of
salts, large numbers of observations have been made, including those
of Nasse (loc. cit.) and of Halliburton®, who investigated the action
of a large number of salts on the proteids of serum. The most
laborious observations are those of Lewith®* and Hofmeister®, in the
course of an extensive series of experiments into the physical and
physiological actions of salts. Hofmeister concludes that salts of
monobasic acids possess a smaller water-attracting power than that
of dibasic acids and those of higher basicity; and that in the case of
monobasic acids it gets less with increasing molecular weight, and the
influence exerted by the bases is practically the same for an equivalent
of the alkalies, magnesium and calcinm,.

! Osborne. American Chen. Journ, x1v. p. 672.

* Chittenden and Mendel. This Journal, xvii. p. 50. 1894-1895,

# Halliburton. This Journal, v, 173, 1884,

$ Lewith, Arehiv f. exper. Path. w. Pharm. xxiv, 8. 1. 1888.

® Hofmeister. Ihid. xxv. 8. 27, 1880 ; summarised by v. Limbeck, ibid. xxv.
8. 74. 1889.
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which are interesting to compare with the results obtained by those
methods. :

3. Ammonium sulphate and magnesium sulphate are the most
generally useful salts. Sodium sulphate at 33°C. is a precipitating
agent of great power, and is sometimes very convenient.

4. None of the erystalline carbohydrates are precipitated by neutral
salts, but crystalline compounds of the sugar and certain salts can be
prepared.

5. Starch and soluble starch are both very readily precipitable by
salts, and this method affords a ready means of separating them from
the later prodnets of hydrolysis.

6. Erythrodextrin is a series of bodies quite distinet from either
starch or the achroodextrins, in opposition to the views of Musculus and
Meyer, and of Ost.

7. Of the erythrodextrins, one at any rate is not precipitated by
salts; the precipitate obtained by saturation of mixed erythrodextrins
can be fractionated into two.

8. These three produets, which I have distinguished as erythrodex-
trins I, I, and 111, give reactions closely similar to the produets obtained
by Lintner and Diill by other methods.

9. Achroodextrin gives a very slight precipitate on saturation with
ammonium sulphate but it is doubtful if this is actually achroodextrin,
At any rate the main bulk of the achroodextrins are not precipitable by
salts,

10. Glycogen is readily and completely precipitated by neutral
salts, especially by ammonium sulphate, or by sodium sulphate at 33°C.
Either of these methods atfords a ready means of obtaining it from its
golutions, and distinguishing it from that erythrodextrin which gives the
most elosely similar reaction with iodine (erythrodextrinllI).

11. Inulin is partly precipitated from its solutions by magnesium
sulphate and ammonium sulphate, the former being more active in this
respect.

12.  All the soluble iodine compounds of starch, soluble starch and
the erythrodextrins are precipitated by salts as a rule more easily than
the original carbohydrate.

13. The colour of the iodine compounds varies with the concentration
of the iodine, and with the state of the compound itself whether solid
or in solution,

14, Soluble starch gives blue with iodine under all conditions, and
has a greater attraction for the iodine than the erythrodextrins, so that
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[From the Proceedings of the Physiological Society, Feb. 18, 1899.]

Abnormal conditions of the circulatory system of the frog.
By H. WirLougHBY LYLE, M.B.

In a frog (Rana temporaria) which was being used for class experi-
ments, it was found that on removal of the sternum, two pulsating organs
were to be seen, and each appeared to be surrounded by its own pericar-
dium. The smaller pulsating organ was situated in the normal position
of the heart; the larger one was lying under the floor of the buccal
cavity, just behind the right half of the mandibular arch. Contractions
of the smaller organ preceded those of the larger, and there was no
pause observed between the contractions of the two.

The pericardium was then opened longitudinally, and it was found
that what appeared to be two distinct pericardia was really a single
cavity with a slight transverse constriction; the pericardial cavity
contained a single heart which appeared to consist of four distinct
parts lying in the position as indicated in the accompanying figure.

The sinus venosus was a thin-walled sac, round in shape, lying just
in front of the liver; it received posteriorly the posterior vena cava, and
mid-dorsally a small vein formed by the junction of the right and left
pulmonary veins. In front of the sinus venosus was a chamber, oval
in shape and with thicker walls than those of the sinus venosus; the
colour and shape of this accessory chamber resembled that of the
ventricle ; the sinus venosus opened into it on its posterior aspect, and
it opened into the auricles anteriorly; there were no blood-vessels
connected with this chamber. When this accessory chamber was
opened, an incomplete septum was discovered running in a longitudinal
direction. The next chambers in order were the auricles; externally
there was no sign of a depression to indicate that there were two; on
dissection, however, an incomplete interauricular septum was found
which was continuous with the septum in the preceding chamber.
The walls of the auricles were normal in thinness; opening into the
right auricle was the right anterior vena cava, and opening into the
left. auricle was the left anterior vena cava. The two auricles opened
into the single ventricle which lay with its apex pointing forwards, and
to the right towards the right half of the mandibular arch, The
truncus arteriosus came off from the left side of the wventricle near
the left part of the auriculo-ventricular septum, it ran forwards and
























































































































































































































































































































Section I.—Belfast, 1902.]

Regeneration of Nerves,
By W. D. HALLIBURTON, M.D., F.B.S., and F. W. Morr, M.D., F.R.S.

Some experiments which we performed on the nerves of cats, and which had
for their object the study of the process of dﬂgeuer{ntiou in nerve-fibres, have led
us during the past year to take up the rglahed question of regeneration.

From the mieroscopic study of the distal portions of divided nerve-trunks we
arrived at the conclusion that the activity of the neurilemmal cells has some rela-
tion to the development of the new nerve-fibres. These cells elongate and become
connected end to end, and thus lead to the formation of what look like embryonic
nerve-fibres. g

Those who have worked at the regeneration of nerve-fibres may be divided into
two schools: those who believe that the new fibres sprout out from the central
stump of the divided nerve, and those who consider that the new fibres have a

‘pEeral origin. Those who hold the latter view rely almost exclusively on
ﬁul gical evidence; a strand that looks like a’ nerve-fibre to the microscope
eannot be a nerve-fibre unless it is shown experimentally by stimulation to be both
excitable and capable of conducting nerve-impulses, Among recent writers,
Howell and Huber, who have used both histological and experimental methods,
have arrived at the conelusion that a,lth::uu_gh the peripheral structures are active
in p ing the scaffolding, the axis cylinder, the essential portion of a nerve-
fibre, has an exclusively central origin, Our experiments, which have been made
on monkeys, are at present incomplete, and this communication must therefore be
regarded as only of a preliminary nature., But so far as we have gone at present
our conelusions tend to confirm those of Howell and Huber,

One experiment which we have done was suggested to us by Professor Goteh,
and the result was very striking. A large nerve was divided and the ends sutured
together. After a suflicient length of time had passed, restoration of function led
us to suppose that regeneration had occurred. The nerve was exposed ; the union
of the two ends was found to have been accomplished, and the nerve was excitable
below and above the junction. A piece of the nerve was then excised a little
distance below the junction, and on histological examination of this, new nerve-
fibres were discovered in it. After this second operation the wound was closed
up and the animal allowed to live for ten days longer. It was then killed, and
the nerve both above and below the second cut was then examined ; no degenera-
tion was found in the nerve-fibres above the lesion, but there wasdistinet evidence
of the degenerative process in the fibres of the peripheral end, which was quite
inexcitable. This shows us that the degeneration process which follows the
direction of growth had occurred in a peripheral direction only, and is a strong
Piece of evidence that growth had not started from the periphery centralwards, or
at any rate that the direction of nutritive control is from the centre towards the
periphery.

Sther experiments which we have done illustrate the important influence of
stimulus in the regenerative process, A monkey's arm was rendered immohile by
the division of a number of the upper posterior roots. The anterior cornual cells
from which the motor-fibres originate are thus not subjected to stimuli from the
Eeriphery, and the arm is as much paralysed as if the anterior roots had been cut.

Varrington has already shown that under these circumstances the anterior horn
cells undergo the chromatolytic change which is associated with inactivity. A
large nerve in the arm (ulnar or median) was then divided, and the same nerve
was divided on the non-paralysed side as a control experiment, The animal was
finally killed ; the interval between the operation nu?i death varied in different
experiments, We have already found that if sufficient time lad elapsed, union of
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proteid of the urine was globulin in a crystalline form. It is
curious that this mistake should have occurred. Huppert
concluded the proteid was hetero-proteose on entirely insufficient
grounds, namely on a priori reasoning from Noél Paton’s paper.
When he actually examined the proteid sent to him by Noél
Paton he admitted the accuracy of Paton’s description, and with-
drew his previous opinion. I suppose this was too late for him
to include it in the work on urinary analysis which he edited.

I understand, however, that other instances of this curious
condition are to be brought before us this evening. Dr,
Hutchison brought before the Physiological Society a short time
ago a preliminary account of his case.) So far as my memory
serves me, it was a case of bone disease (sarcoma) and the urinary
proteid, though presenting some puzzling characters, agreed on
the whole with the hetero-proteose of other observers. Dr.
Bradshaw’s case was also one of bone disease (myeloma) ; here,
again, the proteose, though nearest in its reactions to hetero-
proteose, possessed some characteristic features of its own.?

I have now nearly completed what I have to say. I have not
attempted to do more than present an outline sketch of the
subject. I have endeavoured to mention the prineipal proteids
that may pass under abnormal circumstances into the urine, and
have alluded to one or two which seldom make their appearance
there. Under this last head I should like to include caseinogen.
It is well known that lactose is frequently to be found in the
urine during lactation. It is perhaps not remarkable that case-
inogen, the other main characteristic constituent of milk, should
be conspicuous for its absence, for of all known proteids in which
the question has been specially mvestigated, caseinogen is the
most indiffusible ; it will not pass, unless its molecular aggregates
have been broken up by the use of an alkali, like soda, through
the pores of a Chamberland filter under pressures which permit
the pressure-filtration of egg albumin, serum albumin, or even
of the sernm globulin of some animals (D. F. Harris).

The clinical significance of albumin and other proteids in the
urine I have hardly endeavoured to touch, merely because I
have not felt confidence in my ability to do so with the justice
such an important subject demands. I hope, however, that this
will not lead others to follow my example in the discussion. As

! Bee p. 146. 1 See p. 140.
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logical saline solution, so that the proportion of glyecerine was 1 in 20.
Boiling the solution, and previous section of the vagi, make no difference
in the experimental result.

Precisely similar results were obtained from spinal ganglia. The
sympathetic and spinal ganglia used were obtained from cats.

My experiments fully confirm those of Cleghorn, that the active
substance produces its effect, partly by action on the heart, and partly
by causing a dilatation of the peripheral arterioles; and that this
dilating action 18 due to action on the local neuro-muscular mechanism
of the vessels themselves. In all these points the similarity to cholin is
apparent. Further with saline extracts 1t can be shown that this action
is abolished by atropin. Figs. 1, 2, 3, and 4 illustrate this. Fig. 1
shows the fall of pressure produced by the injection of 3 c.c. of a saline
extract of sympathetic ganglia. The extract was made by boiling the
crushed fresh ganglia with physiological saline solution, in the propor-
tion of 5 c.c. of saline with every gramme of ganglia. Fig. 2 shows the

’ ¥ - " 4 e g g ™
ot T LY N"-_-' P L P S i P Nt N g g N e B ik
- [
ri&0 e o
il

= 20

\ _l._J_L.]_IJ_._._L, LL'.]ll_..._“lalll.]l..u.|].“L.|...|:...J.I...|.J..

pr—
' B

| -.] -..J.-I-L]a J.I-a-l-J-l-.JI_J . t.l-l-.-' LlL_._l.L'J_l_le_u_uJ_U.uJ—'

e e

Fig. 8. Fig. 4.

L=

Fig. 1. Effeet on blood-pressure of injecting 3 c.c. of saline extract of sympathetic
ganglia ; time in seconds : the raising of the signal line indicates the time of
injection. This like all the subsequent tracings was obtained from a cat. All
tracings read from left to right. The height of arterial pressure is indicated in the
first of each group of tracings.

Fig. 2. The same after atropine.

Fig. 3. BSimilar effect of 8 c.c. of saline extract of spinal ganglia,

Fig. 4. The same after atropine,
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vesult of the injection of the same amount of extract after the cat had
received an injeetion of 1 c.c. of a 0°5 per cent. solution of atropin sub-
cutaneously. There is now no fall but a slight rise of blood-pressure.
Figs. 3 and 4 show a corresponding result with extract of spinal ganglia
prepared in the same way before and after atropin respectively.

The next series of tracings (Figs, 5, 6, 7, 8, 9. 10) give t}'pivm] results
showing the effect of injection of glycerine and glycerine extracts of
ganglia; 5 c.e. were injected in each case. Fig. 5 shows the result of
injecting glyeerine (1 to 20 of saline solution). I have other tracings
which show that the fall of arterial pressure which this produces is
accompanied with dilatation of the splanchnic blood vessels as evidenced
by the intestinal plethysmograph. Fig. 8 is the result after atropin.
Atropin does not abolish the fall produced by glycerine. Figs, 6 and 7
show the fall of pressure produced by glycerine extracts of sympathetic
and spinal ganglia respectively ; the slowing of the heart-beat (cholin
effect) is here very well seen. After atropin, Figs. 9 and 10 show that
a fall of pressure still occurs but the slowing of the heart is absent ;
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Fig. 8. Fig. 9. Fig, 10.

Fig. 6. Effeet of injecting 5 c.e. of plycerine diluted with physiological saline solution
(1 in 20). In all subsequent tracings the amount []ljrr"{rui WaAS O C.C.

Fig. 6. Effeet of injecting glycerine extract of sympathetic ganglia, diluted so that the
proportion of glycerine was 1 in 20, Note slowing of heart.

Fig. 7. Similar effect of corresponding glycerine extract of spinal ganglia.

Fig. 8, 9 and 10. Effects of glycerine, glycerine extract of sympathetic ganglia, and
glycerine extract of spinal ganglia respectively in the same animal after the sub-
cutaneous injection of atropin. Note the fall of pressure due to glycerine, but
absemce of heart effect, These Figures are reduced rather more than Figs. &, 6, 7.
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and the fall is here doubtless produced by the glycerine. Glycerine
extracts are therefore objectionable, and do not lend themselves well to
an investigation of the problem before us.

In his first paper, Cleghorn does not mention whether or not
atropin abolishes the fall of pressure. In his second, he states that
atropin does not abolish the fall. If he had relied on the action of
glycerine extracts, it would be easy to explain his result, but by the
time Cleghorn wrote his second paper he appears to have realised the
disadvantage of employing glycerine extracts, and adopts a different
method. He extracts the ganglia with aleohol, filters, evaporates off
the spirit, and takes up the residue with saline solution. He admits
that cholin is present in this solution, and finds that it produces the
usual fall of arterial pressure. Then he removes the cholin by precipi-
tation with platinum chloride, filters off the precipitate, evaporates the
filtrate to dryness, and extracts the residue with saline solution. Injec-
tion of this solution produces a fall of blood-pressure even after the
administration of atropin.

There appears to have been no attempt made to free the solution
from excess of platinum chloride, which must undoubtedly have been
present. However, I have thought it well to repeat the experiment
just as Cleghorn deseribes it, and have obtained exactly the same
results not only with ganglia, but also with brain extracts. But, I have
also adopted the additional precaution of performing a control experi-
ment with a solution of cholin hydrochloride ; and this control explains
the result obtained. I took a 02 solution of cholin hydrochloride in
alecohol and added alcoholic solution of platinum chloride until no
further precipitate was obtainable; the precipitated double salt of
cholin was filtered off; the filtrate evaporated to dryness, taken up
with saline solution, and the solution so obtained was injected intra-
venously, There was still a considerable fall of blood-pressure, and this
was not abolished by atropin. This is obviously to be explained in
one of two ways; it is either the excess of platinum chloride that is
responsible for the effect, or else the double platinum salt of cholin is
slightly soluble in aleohol, and it is this that produces the result. In
some cats, extremely dilute solutions of platinum chloride in saline
solution will produce a fall of arterial pressure. In other animals in
which I have tested it little or no fall occurs. If the fall does occur, it
is not abolished by atropin. I am however inelined to think that the
other explanation, namely that the double platinum salt of cholin is
somewhat soluble in alcohol, is the more probable. For, I always find
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every case by chemical tests. The iodine test for cholin is not very
delicate nor in the presence of other organic substances very trustworthy,
I therefore rely principally on the platinum chloride reaction already
fully deseribed in connection with my experiments on ganglia. So far
as 'Elw method can be used quantitatively, and I have already pointed
out its deficiencies in this respeet, the extracts obtained from brain are
vicher in cholin than those of ganglia, the amount in extracts of grey
matter usually approaching 01 per cent. This would be quite in
agreement with the greater effect observed with extracts of grey
matter. What I have said in respect to the admixture of cholin with
other substances in extracts of ganglia holds equally well in regard to
extracts of other nervous tissues. Among the substances identified was
frequently a small amount of lactic acid. The depressor effect of lactic
acid is not abolished by atropin.

Again, all I claim from my experiments is that although extracts
of nervous fissue probably contain numerous substances, the results
deseribed which follow injection of the extracts can all be explained on
the hypothesis that they are mainly produced by the only substance
which has been completely identified in such extracts, and that this
substance is cholin,

I may add that in all the experiments I have performed I only
observed that the fall of blood-pressure was not altered by the action of
atropin in one case, This was the first experiment I did with extract
of brain. The brain in this case had not been dried very rapidly and
had a strong putrefactive odour before the extract was made. I there-
fore feel justified in doubting the value of this single exception,

It now only remains for me to present and briefly deseribe some
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Fig. 11. Fig. 12.

Fig. 11. Effect of injecting extract of eat’s brain, made with boiling salt solution.

Fig. 12. Smaller effect produced in same animal of an extraet made with cold salt
solution.
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typical tracings to illustrate the results just described. In all cases
b c.c. of the extract were injected into the jugnlar vein, or if an alcoholic
extract of the tissue was employed, the residue was taken up with saline
solution, in such a proportion that the 5 c.c. injected corresponded to
5 c.c. of the original extract.

Figs. 11 and 12 were obtained from the same animal: and show
that an extract made with boiling salt solution (Fig. 11) is more
powerful than one made with cold salt solution. In both cases cat’s
brain was the tissne extracted.

The next pair of tracings illustrate the abolition of the effect after
atropin. Here again fresh cat’s brain was employed. Fig. 13 shows
the eftect before, Fig. 14 after atropin. The fall seen in Fig. 13 is
replaced by a slight rise in Fig. 13,
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Fig. 138. Fig. 14.

Fig. 13. Effect of injecting extract of cat's brain before atropin.
Fig. 14. FEffect after atropin of the same extract in the same animal.

The next three tracings (Figs. 15, 16, and 17) were obtained with
extracts of human brain.  Fig. 15 is the result of injecting extract of
grey matter; Fig. 16 that of injecting extract of white matter; here
the fall is much less. Fig. 17 shows the result of the same dose of grey
matter extract after atropin., Here the fall is practically abolished
though not replaced by a rise of pressure. The uppermost tracing n
these three cases of the respiration taken by the tambour method shows
that breathing is not affected by the injections.

Figs. 18 and 19 show much the same results except that the tracing
of the intestinal plethysmograph is given also. Before atropin brain
extract causes the usual fall of blood-pressure accompanied by the
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expansion of the intestinal vessels (Fig. 18). After atropin the fall 1s
absent, though there is still a peripheral dilatation (Fig. 19).
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Fig. 16. Fig. 17.

Fig. 15. Effect on injecting extract of human grey matter. The top line is respiration,

Fig. 16. Effect of the same dose of extract of human white matter, in the same cat,

Fie. 17. Effect of the same dose of human prey matter extract in the same cat after
atropin,

I have not, thought it necessary to present any illustrations of the
effects of spinal cord or cerebellum extracts: it is sufficient to say that
the effects are exactly similar to though not so pronounced as those
produced by extracts of cerebral grey matter, and are like them
extinguished by atropinisation.

[ give in conclusion a eouple of illustrations to show the effect of
injecting an extract of cat’s sciatic nerves. The effect before atropin
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(Fig. 20) is a very marked fall. This eat was peculiarly susceptible

both to cholin hydrochloride and extracts of nervous tissue: 25 c.c. of

,._I..- adlaes .JJ.J_l..IJ_....J.lJJ..l_l_I_L....-..J.l_l.J...I_I......LlJthJ._.

g, 18. Fig. 19.

I'ig, 18, Effect of i['lji.‘t'.tin;__' extract of cat's brain: the fall of Pressure 18 m;:-r.rupmm-ni
by dilatation of peripheral vessels as seen in the tracing (uppermost line) of the
intestinal oncometer.

Fig. 19. The same after atropin. The fall in pressure is abolished.

a 0'2 per cent. solution of cholin hydrochloride, or 5 c.c. of an extract of
cerebral grey matter, produced falls almost twice as great as that shown
in the figure. As a rule extracts of nerve produce about as much effect
as those of cerebral white matter. Fig. 21 shows the effect of the same
extract after atropin. There is still a slight fall, and this is the most
marked fall I have ever obtained after atropin; but in this particular
animal cholin hydrochloride itself caused a similar slight fall after
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Fig. 20. Effect of injecting extract of seiatic nerve.
Fig. 21. The same after atropin.

[ now come to a much more difficult problem, and that 1s to account

for the difference in my results from those obtained by Osborne and
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a length of nerve suflicient for the experiment (1 to 14 inches). The nerve
15 cut as far from the spleen as possible, and the spleen is enclosed in an air
oncometer, as in Schiifer and Moore's' experiments ; our instrument differed
from theirs in that the splenic mesentery with its vessels, &c. enters through a
long slit at the bottom of the box, instead of through a groove at the side. On
stimulating the nerve with a faradie current the organ contracts and the record-
ing lever of the writing apparatus falls. In our earlier experiments we some-
times used a Marey's tambour, or a piston-recorder. As, however, the range
of these instruments prr_n'{*.[] to be too limited for our 1‘.J{]il§_.‘['iﬂu_‘1|‘|_‘.-{ we abandoned
them for a light flexible bellows® made of ecardboard and peritoneal membrane.
This is brought into communication with the spleen box by a piece of stout
india-rubber tubing, and can be very accurately calibrated ; the amount of the
tall or rise of the lever attached to the upper surface of the bellows thus gives

us a measure in c.c. of the decrease or increase of the splenic volume,

It is not absolutely necessary to use any recording apparatus at
all ; the shrinkage of the spleen when the nerve is excited is perfectly
evident to the eye, and i1s limited to that portion of the spleen which

[}
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Fig. 1. Dog. Morphine and ether. The upper line gives the gplenic volume, the second
the carotid blood-pressure. The signal line is 6 cms. above the zero of blood-pressure.
Time fracing in seconds. During the time indicated by the signal a large gplenie
nerve was stimulated. Coil at 2 ems. The decrease in volume of the spleen amounted
to 6 c.c. This tracing is the same size ag the original.

I This Journal, xx. p. 1. 1896.
* This piece of apparatus was exhibited by T. G. Brodie at the International Congresa
of Physiologists. Turin, 1901. See also this Journal, xxvm. p. 473. 1902,

12—32
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18 innervated by the nerve-fibres on the electrodes. Still it appeared
to us advisable to employ the exact method of registration just deseribed,
as 1t gave us quantitative differences in the contractions recorded at
different times.

Simultaneously with the splenic tracing we always took a tracing
of the arterial blood-pressure from the carotid artery. This we did
because most of our experiments lasted many hours, and the condition
of the arterial pressure furnished us with a convenient means of
gauging the general condition of the animal. We give (Fig. 1) a typical
tracing of the result obtained on stimulating the nerve.

A slight rise of arterial pressure usually occurs simultaneously with
the contraction of the spleen (see Fig, 3, D), an effect the cause of which
1s discussed later (p. 197).

We next found that a longer stimulation does not keep the spleen
contracted, but that the organ gradually returns to its original volume
in spite of the stimulation. The production of this condition is also
clearly shown by recording the successive contractions produced by
short excitations repeated after brief intervals of rest. This is shown
in the next tracing (Fig. 2).

—— J ——l| h— STl e =, | (BT e
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Fig. 2. Dog. Morphine and ether, Splenie volume. At the times indicated by a rise of
the signal line a splenic nerve was stimulated. The strength of the stimulus was the
same in all four instances. Du Bois coil, 2 Leclanché batteries, coil at 6 ems. Time
tracing records seconds. This figure is rather more than half the size of the original
tracing. The first contraction cansed & diminution in voluome amounting to 14 c.c.

Here it will be seen that the effect of each stimulation is smaller
than the preceding, and in the end hardly any response is noticeable.
This is due to some change analogous to fatigue in the terminal
structures, for the fourth excitation of the series in the record (Fig. 2)
was applied to a piece of nerve nearer to the spleen than that which

was excited during the first three excitations. That it was not due
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times of stimulation amounted to 4& hours but atill with the same

result. _
From experiments such as this, and from others in which the time

of excitation amounted to more than 6 hours, we conclude that the

splenic nerve-fibres cannot be fatigued.

MV AN

Fig. 3. Dog. Morphine and ether., A large spleniec nerve has been excited continuonsly
for three hours. This excitation is still continued at the beginning of the tracing.
The upper tracing is that of the splenie volume. The second, the blood-pressure taken
from the carotid. The next line is a signal line. The zero-abscisza of blood-pressure
is 5 ems. below this line. The time record marks seconds. This figure has been
redunced to about two-thirds of the original size.

We examined histologically some of the nerves which had been
excited, and found the vast majority of the fibres were non-medullated,
but that there were always a few fine medullated fibres. In one
specimen, for instance, we found as many as 50 medullated fibres,
whereas the non-medullated were present in thousands. In reply to a
letter from us regarding these fibres Dr Langley kindly wrote to us as
follows :

“The medullated fibres peripheral to the solar plexus are partly
afferent, partly preganglionic, which have not yet reached their cell-
stations (very few of these go to the spleen), and partly medullated
post-ganglionie, They all, but especially the last, vary in number in
different animals.”

“The external carotid branch of the superior cervical ganglion in
the rabbit, which amongst other structures supplies the L*.'a.]', contains
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observed a similar effect when watching the dilatation of the pupil
following stimulation of the cervical sympathetic in the rabbit.

In attempting to determine to what cause this effect is due we have
several possibilities to consider. It may be a peripheral effect, i.e it
may be due to fatigue of the muscle or nerve endings. Or again, it
may be a local effect upon the nerve at the spot excited, or an effect
upon the whole length of nerve down to the vessels. If a local effect
upon the nerve it may be due to mechanical injury, to polarisation, or
to local fatigue. Of these possible causes we consider that a local polarisa-
tion due to the current is the most probable explanation, though there
are indications that other factors take some part in its production. Thus
we found that, if the electrodes are shifted nearer the periphery after
we had excited the nerve for a time long enough to allow dilatation
to occur, a good constriction could be obtained. This constriction
was only in rare cases as extensive as the original, but was usually less
in amount and slower in development, indicating as we think some
degree of fatigue either of the muscles or nerve endings. If, after a
prolonged stimulation, we tested the different parts of the nerve we
found, as above stated, that stimulation below caused constrietion,
stimulation at the original spot caused no effect even if the strength of
stimulation was increased, and finally that stimulation above the
original level also caused constrietion in the majority of cases. In this
latter case the constriction was never quite so marked as that produced
by exciting below.

The condition of the nerve therefore was, that it was inexcitable at
the original spot stimulated, but excitable above and below that spot,
and further that though inexcitable it could still conduct, but to a
somewhat less degree, than in the parts which had not been stimulated.
Howell noted that the effect was mainly a local one and pointed out
that by moving the electrodes peripherally a further good contraction
could be obtained. They speak of the effect as “stimulation fatigue,”
but the use of the term fatigue in this connection is we think scarcely
a wise one. We have so frequently observed the extreme sensitiveness
of these non-medullated fibres to electrical currents that we are much
rather of the opinion that we are here dealing with a polarisation effect.
This 1s also supported by the fact that the nerve just below the part
stimulated is still excitable and gives no evidence of fatigue. To
avoid polarisation we performed experiments in which we used the
Helmholtz modification and non-polarisable electrodes, but here again
obtained the same results as before. We also excluded the possibility
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stimulation fatigue was discoverable. In the case of the splenic nerves
‘peripheral fatigue’ is much more easily produced.

When we consider how insensitive mammalian nerve-fibres are to
chemical, mechanical, or thermal stimuli, whereas they respond very
readily to electrical stimuli, 1t becomes probable that electrical stimula-
tion must produce some very considerable disturbance at the spot
excited. If this is so, we can readily understand that prolonged
stimulation by electrical currents of high potential may produce marked
injury at the excited spot, especially if the nerve is a very sensitive one.
In this connection, too, it is important to emphasize the point already
noted, that though a nerve in which “stimulation fatigue” has been
produced is inexcitable it can still conduct. That is, that though it
cannot respond to the very abnormal mode of excitation by an electrical
stimulus it can still carry on its normal and proper function, viz. that of
conduction, in which the spot is exeited by the proper physiological
impulse.

To sum up, although we are inclined to regard the phenomenon of
‘stimulation fatigue’ as probably due to the injurious polarisation
effects produced by electric currents at the spot of nerve stimulated,
we are unable to be quite positive that this is the correct explanation,
first because of our inabilify to control our experiments by the methods
of mechanical or chemical stimulation, and secondly because we are
unable to explain the difference just noted between various nerves.

The main object of our research was to test Dr Waller's hypothesis
that the presence of a medullary sheath explains why fatigue in nerve-
fibres cannot be demonstrated. By the use of our methods of investi-
gation we have shown that functional fatigue is just as difficult to
produce in non-medullated as in medullated nerves,

Although some recent observers' have once more aflirmed that the
non-medullated fibres possess a thin medullary sheath, we consider that
Tuckett® has satisfactorily proved that this is not the case.

We are therefore convinced that Waller’s hypothesis cannot hold as
a correct generalisation for all nerve-fibres,

On @ priori grounds we should not have expected to find that
non-medullated fibres are peculiarly susceptible of fatigue, seeing that
some of them, especially the vaso-constrictors, are continually in action,
and that dilatation of the vessels always occurs when they are cut.

! Gad and Heymans. Arch. f. (dnat. w.) Physiol. p. 531, 1890; Ambronn and
Held. drch. f. Anat. (u. Physiol) p. 201. 1896,
* This Journal, x1x. p. 267. 1805-6,
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response in this nerve after repeated stimulation is probably not an
indication of true functional fatigue. For by repeated closure of the
galvanometer circuit the nerve is being repeatedly submitted to the
influence of a weak galvanic current, namely, the action-current of the
nerve itself, and the diminution of the amount of galvanometric
response may be simply the result of the polarising effect of a constant
current. In the second place, she may have been dealing with an instance
of ‘stimulation fatigue. She at any rate does not mention in her paper
that she shifted the position of her exciting electrodes.

2. The second side issue of our work to which we have devoted
attention is the rise of blood-pressure which occurs on stimulating the
peripheral end of the cut splenic nerves.

Using the calibrated bellows recorder, the amount of blood squeezed
out by the contracting spleen into the general circulation was found to
average 10 to 15 ce. We doubted at first whether this slightly
increased flow, acting through the liver and pulmonary cireuit, could
be sufficient to account for the rise of carotid blood-pressure observed,
but we found on actually testing the point that this simple explanation
i1s the correct one, and that it is unnecessary to suppose that there
is any nervous reflex concerned. We injected 10 c.e. of defibrinated
blood into the splenic vein at a rate comparable to that produced by
the contracting spleen, and invariably found a slight rise of arterial
pressure similar to that seen in our previous tracings.

Fig. 6 shows the graphic record of such an experiment ; in 4, the
rise of arterial pressure which accompanied a splenic contraction (equal
to 10 c.c.) is shown; B shows the similar effect produced in the same
animal by injecting 10 c.c. of defibrinated blood into the splenic vein.

Physiological salt solution injected in the same way produces a
similar result. In one dog we employed, this rise of arterial pressure was
always in the case of salt solution, even if warmed to body temperature,
followed by a marked fall ; the same occurred if the injection was made into
the erural vein. We have very seldom noticed this effect in other animals,
and we are unable to account for it ; no doubt this particular animal was in

some way peculiarly sensitive to salt solution. Defibrinated dog’s blood
produced no such fall.

3. We tested the reaction of the stimulated nerves, thinking that
here was a favourable opportunity of ascertaining whether on long-
continued excitation there is a development of acid similar to that
described by Eve and others in the central grey matter. The absence
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of aeidity 1in medullated nerve mig}ntl

be possibly due to the masking
effect of a mass of myelin,

We, however, never found that the splenic

nerves even atter the longest stimulation became acid to litmus. We

WLl

Fig. 6. Dog. Morphine and ether. Tracings of carotid blogd-pressure ; time in lenmi?’.'
A. During the time indicated by the rise of the signal line, excitation of a splenie
nerve caused contraction of the spleen; in B, during the time indicated by the "'“I“'“
of the signal line, 10 c.c. of defibrinated dog’s blood was injected into the splenic
vein, In both 4 and B there is a slight rise of pressure. Original size,

. . * v § . i &
did not investigate the question of carbonic acid production. There
was also no histological difference between the portion of the nerve

which had been exeited and that which had not.
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(GENERAL CONCLUSIONS.

The main results of our work are the following.

1. Using cold as a block in the same way that Bowditch used
curare and Bernstein a galvanic current in their well-known experi-
ments which showed the non-fatiguability of motor medullated nerve-
fibres, the non-medullated nerves of the spleen even after many hours of
stimulation give no demonstrable evidence of fatigue.

2. Non-medullated nerve-fibres do not become acid to litmus as
the result of the prolonged stimulation described in our experiments.

3. The small rise of arterial blood-pressure which oceurs soon after
the splenic contraction begins is due to the increased flow through the
liver produced by the increased output of blood from the contracting
spleen,

4. In experiments on fatigue in non-medullated nerves, the constant
eurrent is not suitable as a blocking agent. Non-medullated fibres
like those in the splenic nerve are remarkably sensitive to the constant
current and do not transmit nerve-impulses for a considerable time
after quite weak currents have been passed through them for short
periods. Induction shocks in one direction produce a corresponding
polarising effect only more slowly, but if one uses induction shocks in
alternating directions any appreciable amount of ‘stimulation fatigue’
does not oceur in the splenic nerve even after several hours’ excitation.

5. The term ‘stimulation fatigue' introduced by Howell, Budgett,
and Leonard indicates that certain nerves (mainly but not entirely of
the non-medullated variety) are injuriously affected by prolonged
faradic stimulation, so that the spot which has been excited is no
longer excitable until a considerable period of rest has elapsed.

6. We have noticed in the spleen that *peripheral fatigue’ is
induced somewhat readily. We have seen but little evidence of this
in vaso-motor nerves; the vaso-motor nerve-fibres we have mainly
tested are those in the sciatic and splanchnic nerves. These nerves
do not manifest signs of ‘ functional fatigue’ in the course of the nerve-
fibres. They, however, differ from the splenic nerves in that the
phenomenon of ‘stimulation fatigne’ is produced with comparative
readiness,

7. A portion of nerve in which ‘stimulation fatigue’ has led to a
complete loss of excitability can still transmit nerve-impulses, though
its power in this direction is somewhat impaired.










































