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PREFACE.

It may be thought that the literature of Systematic Physiology is already
complete. Each of the four great English text-books exceeds 1000 pages
in length, and there are, in addition, numerous and excellent smaller works.
But it may be doubted whether, as the growth of European armaments
is said to render war impossible, the dimensions of our standard text-books
do not offer an impediment to the conquest of Physiology by the average
student.

The object of the “ Note-Book ” is to assist the student in codifying his
knowledge, not to diminish the need for the larger text-books, much less
to take the place of lectures and laboratory work.

The “ Note-Book ” deals with the arguments of Physiology; for it is as
well that the student should, from the outset, recognise that the subject,
although it has made rapid strides during the last twenty years, is still in
an immature and transitional state, and that many most important issues
can only be summed up as leaving a balance of evidence on the one side
or the other—a balance which subsequent investigation may possibly
disturb. I have made an attempt, which might perhaps be carried further
with advantage in other scientific text-books, to show the logical sequence
of the several points of the argument by their typographical arrangement
on the page.

Although amplified and adapted to the existing state of knowledge, the
notes are practically in the form in which they have appeared on the
black-board for the fifteen years during which I have taken a repetition
class in Physiology ; the fortnightly papers written by members of the
class having borne unmistakable evidence of the advantages to be derived
from this method of teaching. The presentation in a graphic way of the
outlines of an argument greatly facilitates its comprehension, and in a still
higher degree ensures its recollection; and I am strongly persuaded that
when a student feels that he has in his mind a picture of his subject which
'{m can project upon paper, he is more likely to think about it and analyse
1t—more likely to take away from it whatever secems to him irrelevant, and



1V PREFACE.

to attach in their proper places the fresh facts and ideas which he meets
in books or evolves in the laboratory, than if on each occasion an effort 18
necessary to give definiteness to a somewhat hazy remembrance of the
manner in which the facts were marshalled by his teacher.

If a student could rely upon remembering every word which he has
once heard or read, such a book as this would be unnecessary, but experi-
ence teaches that he constantly needs to recall arguments, and to make
sure of the proper classification of his facts, although he does not need a
second time to follow his teacher up all the short steps by which the ascent
was first made. With a view to rendering the book useful for rapid
recapitulation, I have endeavoured to strike out every word which was nob
essential to clearness, and thus without, I hope, falling into * telegram-
English,” to give the text the form which it may be supposed to take mn
a well kept note-book, For the same reason the drawings are reduced to
diagrams; all details which are not necessary to the comprehension of the
principles of construction of the apparatus or organ, as the case may be,
are omitted ; and it is hoped that the drawings will, in consequence, be easy
to grasp, remember, and reproduce.

The majority of the diagrams have been drawn for this book, but I have
to thank Messrs. Griffin for allowing me fo use a certain number of the
illustrations from Landois and Stirling’s Zext-Book of Hwman Physiology,
and am much indebted to Mr. Harry Brownsword for preparing the erystallo-
graphic figures which appear in the section on the Chemistry of the Body.

The fragments of other subjects, such as Physics and Chemistry and
Anatomy, gross and minute, which make up so large a bulk in most text-
books of Physiology, have been omitted from the “ Note-Book.” They will
find their proper place, it is hoped, in other books of the “ Note-Book ™
series.

As it is intended that the  Note-Book ” should be essentially a students’
book, references to foreign literature are omitted ; but the reader’s atten-
tion is drawn (in a running Bibliography given at the foot of each page)
to a number of recent English mémoires, as well as to descriptions in text-
books which appear to me pa,rticularly lucid, and the student is strongly
recommended to study the papers and passages referred to.

ALEX HILL.

Dowxise Lopae, 1893.




























SECTION I

BLOOD.

CONSTITUTION :—Corpuscles—Plasma. First separated by J. Miiller in
frog’s blood by adding sugar-solution and filtering. .

8p. gr., 1056-1059. In women less than in men ; variations of considerable
interest, as indicating * condifion.” Easily determined by squeezing minute drops
from a capillary tube into a series of solutions of sodic sulphate of standard
specific gravity, and finding the solution in which the drop neither rises nor sinks.
Sp. gr. of corpuscles, 1105 ; of plasma, 1027.

Reaction; alkaline, diminishing after the blood is shed, but never abolished.
e to Na,HPO,.

Method.—Glazed litmus-paper or plaster of Paris dise soaked in litmus.

Anatomical Elements: —Red corpuscles, biconcave discs of almost homogeneous
substance, without membrane or nueclens; when healthy, soft but fairly tough,
and highly elastic ; diam. 75 p (3555 inch).

Number, 5,000,000 to the cubic millimetre, but less in women and
variable.  Estimated by diluting 100 or 200 times with a mixture of
gum-arabic, sodic sulphate, and sodic chloride, or a similar mixture, and
counting on a ruled slide which admits a film of known thickness (fig. 3).

Easily altered by reagents (swollen by imbibition, crenated by exosmosis), in-
clined when shed to run into rouleaux.

The h@moglobin is uniformly distributed throughout the stroma, but can by many
means be separated from it, e.g., by coagulating the hamoglobin with boracic acid
(or in frog's blood by tannic acid) this proteid can be separated in a star-like
form, the zooid of Briicke, while the dise of stroma is left uncoloured—the ecoid.
When the heemoglobin is dissolved in the plasma, the blood is “lakey.” Each
corpuscle contains about 90°/, of hamoglobin to 10°/, of stroma.

White or colourless corpuscles or leucocytes, unlike the red, are seen in several
forms (or stages) of different size and degrees of granulation ; average size, 10 u
(z¢5w inch). They contain one or more nuclei, are destitute of envelope, soft,
pultaceous, ameeboid. Proportion to red, 1 to 350, but higher in boys and in
women in pregnancy. More in venous than in arterial blood. Said to be very
numerous in blood of splenic vein,

Other Elements.—Platelets or tablets of Bizzozero. Colourless, transparent,
homogeneous, hardly visible unless stained ; quickly disintegrated in shed blood,

Dowdeswell.—'* On some Appearances of the Red Blood-Corpuscles of M d oth
Vertebrata,” Quart, Jour. .Hicr.P.S'r::'., vol. xxi. p. 164, 1881, T
Catler and Bradford.—‘‘ Changes in the Globular Richness of Human Blood,” Jour. of
P.Ftifs., vol. i. p. 427. :
loyd Jones.—** Variations in the Specific Gravity of the Blood in Health,"” Jowr. of Phys.
?l:-]::' lﬁll. g 15 :}11;1]:1 v;;l. xii, p. 209, ’
ulland, —* i [i! ieti 4
Etii-{ﬂ,, i p,lgﬂﬂ.a ure and Varieties of Leucocytes,” Labor. Rep. Roy. Coll. of Phys.,
ars. Hart.—**On the Micrometric Numeration of the Blood-C 1 d tl imati
of their Homoglobin,” Quart. Jour, Micr. Sei., vol. xxi. p. 132, ]‘Tﬂr ]ﬂﬂc R e
A



2 BLOOD.

Size, 3 p.  Proportion to red, about 1 to 50. They can be shown by pricking the
finger under a drop of sodic chloride solution tinged with methyl-violet.

The h@matoblasts of Hayem are probably the same elements. Below mammals
their place is taken by minute fusiform nucleated cells.

Amorphous matter is found in varying quantities in shed blood :—(A) Some of
this is due to disintegration of formed elements, particularly platelets ; such is
probably the origin of Zimmermann’s *elementary particles” (unless Z.’s descrip-
tion applies to platelets) and Schultze’s  granular masses.” (B) Particles which
can resist the action of water are apparently insoluble food-stuffs (chiefly fatty) ;
they are more abundant in animals at the breast.

COAGULATION.

Shed blood begins to clot in 2 or 3 minutes. Granular fibrin-fibrils radiate from
many centres. In 10 minutes the corpuscles are entangled in a jelly. After this
the jelly contracts, and squeezes out the serum, but not the corpusecles.

Blood

|
|
Corpuscles Plasma

Fibrin Sernm

Elot

The formation of filaments of fibrin can be watched if the blood is much diluted
with normal (0-6%) saline solution. If it is “whipped” with a bunch of twigs, the
fibrin is separated from the corpuscles. If clotting is delayed (horse-blood, febrile
blood, cooled blood), the corpuscles have time to sink a little, leaving a corpuscle-
free layer, the crusta phlogistica or buffy coat. The part of the clot which contains
the fewest corpuscles contracts most, * cupping ” the clot.

Explanation of Coagulation by no means settled even now. Present view
best grasped by tracing its evolution.

The ancients (e.g., Hippocrates) attributed clotting to cold and rest.

1828. J. Davy kept blood warm }

W. Hunter shook it up
. the cause of clotting is not the cooling and resting of the blood.

accelerating clotting.

1772. Hewson ligatured a vein; blood remained liquid until it was opened.
1824, Seudamore showed that blood clots more slowly in a closed than in an

open flask. et
From such experiments it was concluded that contact with air causes

coagulation. _
C'on. Blood clots when shed into a barometric vacuum.

Heemoglobin is estimated by diluting and eomparing with standard jelly, tinted to represent
: i ; Trom 42
1 of hiemoglobin in 100 of water. Also by determining amount of iron mm = 0000

=25 grammes for average hody-weight. Iron as a drog ;s useful in simple anmmia, but in
“ pernicious” anemia, iron is already in excess for the small number of mﬂmﬁr:.les.
Muir.—** Contributions to the Physiology and Pathology of the Blood,” Jour, of Anat. and

Phys., vol. Xxv. pp. 256, 362, 476, 1891.




PraTE I

Fig, 2.—Coagulum formed

in the femoral artery 56
Fi6. 1.—Normal human blood. «, Red blood- hours after its ligature

|corpuscles ; b, lencocytes; ¢, platelets. (Erichsen).

- = : = - - o R
il ] '.!'E-T{q’_tl.l’w__

F16, 3.—Gowers' apparatus for counting blood-corpuscles,—Take up in A 995 ¢.mm,

of diluting solution (sodic sulphate and acetic acid in distﬂI]a{l water ; sp. gr.
1025) and discharge it into D. From a finger, pricked by the guarded needle
F, obtain in B 6 c.mm. of blood. Mix the blood with the diluting solution
with the help of E, and then place some of the mixture on the ruled slide © and
secure a cover-glass above it with the elips. The cell on this slide is 0°2 mm.
deep; it is ruled in squares of 01 mm.

; The number of corpuscles in 10
squares, multiplied by 10,000, gives the number in 1 e.mm. of blood.

To face p. 2.]






COAGULATION, 3

1857. Briicke, observing that blood remains liquid for many hours, or even
days, while enclosed in a passive tortoise’ heart, concluded that the living vessel-

wall prevents coagulation.

Chemical Changes which lead to Clotting.
1831. Miiller, by filtering frog’s blood, diluted with a solution contain-
ing 4% sugar, showed that the property of clotting resides in the
.
1830. Andrew Buchanan observed that exuded lymph (hydrocele fluid)
will sometimes clof, but at other times will not. It clots on the addition
of blood, of serum, or of washings from blood clot, particularly from the buffy

coat.
Hydrocele-fluid + Serum = Clot.

1859. Denis separated certain globulins from plasma (by saturating it
with sodic sulphate) in a sticky mass, which he termed “ plasmine.”

Plasmine, diszolved in water, clots.

1861. Schmidt applied Denis’ method to hydrocele fluid and serum sepa-
rately.
Hydrocele Serum

I
Fibrinogen + Fibrinoplastin = Clot.

Both these bodies are proteids of the globulin class, but differ markedly
from one another, Fibrinoplastin, or,as it is better named, paraglobulin,
is less easily precipitated and less easily coagulated than fibrinogen. It is
present in serum in large quantity, 4 to 57/.

Fibrinogen can be separated from plasma by addition of about 13%
NaCl. Further addition of NaCl or MgSO, throws down paraglobulin,
Fibrinogen coagulates at 56° C. ; paraglobulin at 75° C.

If, however, these substances alone are precipitated, as when Schmidt
threw them down in a pure state by the CO, method, fibrinogen + fibrino-
plastin gives no clot.

He imagined, therefore, that a ferment was necessary to promote inter-
action ; to obtain it he coagulated blood with aleohol, and then made a
watery extract of the clot.

F.gen. + F.plastin + Ferment = Clot.

Ef:g:gee.-—”ﬂume 0ld and New Experiments on the Fibrin-Ferment,” Jour. of Phys., vol. ii.
P 145, p
Wooldridge.—** Coagulation of the Blood,” Jour. of Phys., vol. iv. pp. 226, 367, and val. x.

p- 329,

Lea and Green.—* Fibrin-Ferment,” Jour. of Phys., vol. iv. p. 380.

_"_I‘rre&uﬁa“ Certain Points connected with the Coagulation of Blood,” Jour. of Phys., vol.
V111, '[). i

Wooldridge.—* The Coagulation Question,” Jour. of Phys., vol. x. p- 329.

Iélﬁrf. ll-;gat,—“l‘{ote on the Formation of Fibrine," Quart. Jowr. Micr. Sci., vol. xxii.
p- 255, :
m?hn}*a,v—;;i’hu Effect of Peptone on the Clotting of Blood and Lymph,” Jour. of Phys.,

- Xi. p. :

Dickinson.—** * Leech-Extract ' and its Action on Blood,” Jour. of Phys., vol. xi, p. 666,

Hnyﬁraft, —*“An Account of some Experiments which show that Fibrin-Ferment is Absent
from Cireulatin Blood,"” Jour, of Anat. and Phys., vol. xxii. p. 172, 1888.

Hayeraft and Carlier.—" Morphological Changes that oceur in the Human Blood during
Coagulation,” Jour, of Anat, ane Plys., vol. xxii. p. 682, 1888.
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3. The embryo-liver contains protoplasmic cells enclosing corpuscles.

4, The liver intercepts the food-stuffs which pass to the feetus from
the mother. Hence it is supplied with ample material for blood-making,
On the other hand its large size may be accounted for simply by the fact
that it is a store-house for food, which is drawn upon, as need arises, by the
system.

To end of this period corpuscles are spherical granular nucleated cells.

B. Late foetal and adult life.

(a) Tt used to be supposed that the red corpuscles are the transformed white
corpuscles ; either the whole cell (with disappearance of its nucleus), or ite nucleus
only being changed in character and colour by impregnation with heemoglobin.

Con. Absence of any direct evidence.

(b) The spleen has been looked upon as a corpuscle-factory. Evidence proves it
to be their grave in mammals. It may be their birth-place in fishes and tailed
amphibians and embryo-mammals.

(¢) Marrow of bone when not wholly given up to fat-formation.

Pro. 1. Peculiarly sheltered situation.

9. It contains spherical protoplasmie cells. Some of these develop
into fat-cells, others (in red marrow) show traces of h@moglobin. In this
condition they resemble embryonic red blood-corpuscles. In sub-mammals
they divide, a new nucleus going to each half. In mammals they cast off a
non-nucleated corpuscle. The embryonic cell (hematoblast or “ Neumann’s
corpuscle ) repeats this operation ad infinitum.

The details of this process are not yet certain, Bizzozero and

Schéifer describe the erythroblasts of the marrow as dividing by

earyokinesis with subsequent disappearance of the nucleus in one or

both daughter-cells. An extranuclear formation would be more
in accordance with the extra-nuclear formation already described in
mesoblastic cells, is suggested by the examination of the perfect
red corpuscle, which shows no trace of nucleus, and would account for
the persistence of the embryonic corpuscles. Rindfleisch points out
that caps of coloured protoplasm thrown off from the embryonic
corpuscles would assume the form of biconcave dises in the blood-
stream. This he illustrates by driving putty-caps through water-
pipes ; entering the stream as hollow hemispheres, they leave it as
biconcave discs.

Duration of Life.
Corpuscles are constantly destroyed and renewed.

Pro. 1. Hemoglobin is the source of bile-pigment. 1
2. Foreign blood-corpuscles disappear from the circulation soon after

injection.
Perhaps they live for a month, .., the interval between two menstrual
periods (Landois).
Use.—To carry oxygen to the tissues.

Fate.—When worn-out they ave destroyed in the spleen. _
Pro. 1. Structure highly suggestive of tissue in which changes in the blood

Hunter.—*¢ Intra-Peritoneal Blood-Transfusion, and the Fate of Absorbed Blood,”

Jour. of Anat, and Phys., vol. xxi. pp. 138, 204, and 450, 1886. 4 .
Gibs{n.—-—“Thc Hlnﬁl:l-!l?ﬁnning Organs and Blood-Formation: An Experimental Research,’

Jour. of Anal. and Phys., vol. xx. pp. 100, 342, 456, 674, 1885, :
Hardy.—** The Blood-Corpuscles of the Crustaces, together with & Suggestion as to the

Origin of the Crustacean Fibrin-Ferment,” Jowr. of Phys., vol. xiil, Nos. 1 and 2, p. 165,
1892,













































TﬁE LYMPHATIC CIRCULATION. 15

ard-cells; branched sub-epithelial cells also project into the epithelium as
Klein).
pEEudﬂ-Bhﬂ%ﬂ;;& ifction ?c:-f the stomata in absorbing fluid can be dﬂmunsl:.mted by
placing the diaphragm of a recently-killed animal under the microscope
without disturbing its attachments to the ribs and vertebral column, and
placing a little milk on its surface. The globules of milk disappear through
the stomata. i

Lymphatic Glands.—As soon as they reach a sh_elf:erad situation, e.g., the
aroin, axilla, neck, root of lungs, &e., several lymphatic vessels combine together
to form a lymphatic gland. In principle the gland is a close plexus of lymphatic
vessels which invests a bunch of lymph-follicles, and is in turn surrounded by a
fibrous capsule, from which plates and trabeculs pass between and support the
follicles, The follicles, which are abundantly supplied with blood, consist of a
scanty connective tissue-framework enclosing a vast number of proliferating
lymph-corpuseles. The lymph which reaches the gland carries to it debris of
tissues and foreign bodies, including microbes, The efferent lymph which leaves
the hilus of the gland is, more or less completely, freed from adventitious
substances, and is enriched with young leucocytes that have squeezed their way
through the follicular membrane.

Physical and Chemical Composition of Lymph.

Reaction ; alkaline ; sp. gr., 1012-1022. It contains leucocytes. It cgugulates,
although not so quickly or firmly as blood, yielding ‘04 to ‘087 of fibrin. Per-
centage of solids, 1-3. .

Proteids,

Serum globulin,

Serum albumin

The total amount of proteid is therefore only about J; that of blood-plasma,
but the proportion which the globulin bears to the albumin has not been dis-
turbed by diffusion.

Extractives.—Urea, &c., in larger quantity than in blood-plasma.

Salts.—Similar to those in blood-plasma and in equal guantities.

Gases.—Free oxygen, nil. Carbonic acid in the lymph of the interstices more
abundant than in venous blood ; in the larger lymphatics, less abundant.

Lymph ought not to be regarded, therefore, as an exudation from blood.
Rather is it the primary fluid of the body ; the composition of blood and lymph
being reciprocally modified by the exchanges which oceur through the walls of
the blood-vessels suspended in the lymph.

THE THYROID BODY or Gland is a mass of subspherical vesicles unconnected
with any ducts, lined by cubical epithelium and filled with a mucilaginous fluid in
the young, with “colloid” in the adult. The vesicles are supported by septa
of connective tissue containing elastic fibres, and ecarrying numerous nerves,
Iymaphatics, and blood-vessels. Its abundant blood-supply suggests a connection
with the vascular system, but as to the nature of its functions we have merely the
following indications :—

Colloid (or meta-albumin) resembles muein in its physieal characters, and, like
mucin, yields a reducing sugar when boiled with sulphuric acid. Unlike mucin,
it is not precipitable with acetic acid.

In the disease myxcedema, in which the thyroid atrophies, the skin, parotid
gland and other organs which normally contain liftle or no mucin have been

} in the same relative proportion as in blood, 0-23%.

Handbook of the Physiological Laborafory.—* The Lymphatic System,"” by Klein, with plates
xl. tol.; also *“ Anatomy of the Lymphatic System,"” London, 1873.

Horsley.—‘* Remarks on the Function of the Thyroid Gland: A Critical and Historical
Review,” Brif. Med, Jour., 1892, No. 1622, and 1623






























PraTE 1V,

Frgs. 8 and 9. —Cardiographic tracings of the impulse of the heart, recorded on a
blackened plate borne on the end of a vibrating tuning-fork. ab, Systole of
auricles ; b—e, systole of the ventricles ; d, closure of aortie, and e, of pulmonary
valves or, e, closure of aortic and pulmonary valves.

Fie. ]“'.-_'ﬂ normal impulse-tracing, Fre. 11.—Effect upon the blood-pressure of
Lettering as in figs. 8 and 9, stimulating the vagus nerve from a-J.
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CARDIOGRAM. 23

Apparatus.—Cardiographs of various form, but all presenting a button to rest
over the spot at which the impulse is felt ; spring to depress the button, adjust-
able ; tambour ; tube communicating with a recording tambour.

The tracing shows— oy ‘

A. That the heart is never still ; each chamber begins to fill as soon as it is emptied.

B. Ventricular systole immediately follows auricular systole,

C. A pause intervenes between ventricular and succeeding auricular systole.

The length of this pause oc inversely as the rapidity of the beat. The total
length of the systole is very little affected by rapidity of beat. 3

Details of the cardiac movements about which there is still some uncertainty.

The tracing (consult figs. 8, 9, 10, and 14) is divisible into—

A. Auricular systole. : :

Often showing smaller waves due to (7) asynchronism of the two auricles,
or (1) of their several parts (mouths of venm cave, appendages, atria
proper).

B. Ventricular systole.

Showing (¢, figs. 8 9, 10) forcing of semilunar valves.

d and e. Closure of aortic and pulmonary valves respectively, the former
closing first owing to blood pressure being higher in aorta than in
pulmonary artery.

or (d) Closure of valves; (¢) recoil of blood-column, followed by relaxa-
tion of ventricle. 2

or (&), or possibly even a later notch marks the closure of both sets of
semilunar valves.

The question as yet under discussion is—How long is the blood in pass-
ing through the semilunar valves? It cannot begin to pass until the
pressure in the ventricle exceeds the pressure in the aorta. It cannot con-
tinue-to pass after the pressure in the ventricle falls beneath the pressure
in the aorta.

Does the ventricle remain contracted after all its blood has left it?

The shortness of the pulse-wave in the vessels near the heart argues
that it does.

C. Pause; ventricle filling,

It is very important to notice that the cardiac cycle is not a see-saw between
auricles and ventricles, but blood flows from veins into auricles during ventricular
systole, goes through auricles into ventricles during pause, out of auricles into ven-
tricles during auricular systole. Auricles store blood during ventricular systole.

Sounds of Heart.—Lubb dup.

Tone.—First sound, a minor third lower than second ; the two being respectively
about G and B flat below the middle C, but the first sound being higher over the
sternum, lower over the epigastrium. It is impossible to eliminate resonance-tones
of chest, stethoscope, and ear.

Duration.—1st sound coincident with impulse (systole), lasts about i; of

cycle ; interval of 4%; ; short second sound; pause of 2%,

Waller and Reid.—*‘ The Action of the Excised Mammalian Heart,” T'rans. Roy. Sec., 1887,
p. 215,

213‘gI"'l."r"illi.ﬂm'x.—“ The Rhythm of the Mammalian Heart," Proc. Roy. Soc., 1889, pp. 206 and
Hayeraft.—* The Movement of the Heart within the Chest Cavity and the Cardiogram,"’
Jour, of Phys,, vol. xii. p. 438,
Yeo and Barrett,—*¢ (_E,usu of the First Sound of the Heart," Jour. of Phys., vol. vi. p. 145.
Hayecraft.—** The Cause of the First Sound of the Heart,” Jowr. of Phys., vol. xi. p. 486.
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Fie. 15.—Diagram exhibiting the principles of construction of Marey’s sphygmo-
graph. S, the plate by which it is fixed to the wrist; ¥, an ivery lnm‘.trm‘
which rests upon the radial artery, carried by the spring, A, the amount of
pressure exerted by which is adjusted by the thumb-screw H; ¢, a light spring
which keeps the toothed rod, %, in contact with the eog-wheel, ¢; V, the style
which writes upon a blackened plate, P, moved by clock-work contained in the

box, U,

X111

Fie, 16.—Sphygmograms, I, II, III, from the carotid artery—P, the primary wave
or apex ; K, the predicrotic wavelet : R, the dicrotic wavelet : e e. oscillations
']_l'll_' to the ul;iﬁti{:li._y of the arterial wave; J, a pulse-wave on the inspiratory
llrl_lh of the respiratory curve ; E, on the expiratory limb., IV, Tracinge from
axillary artery ; V to VIII, from the radial ; IX and X, from the femoral : XI.
from the posterior tibial ; XII and XIII, from the dorsalis pedis, ' '
:lr-'.-'v.l'-l'-'l".' i 1.1”].]









PraTe VIIL
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Fu:,IlT,— I, A markedly dicrotic sphygmogram from the radial artery, in fever.
fI[, A Im?,]thy, hut_e.\:treme low-tension radial pulse; contrast this with the
high-tension pulse VI, and the pulse of a rigid artery VIL.
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Fre. 18.—Diagram of the nerves of the heart,

showing their relations to the cerebro-
spinal axis and to the sympathetic chain.

The cranial nerves, v, VII, and XII,
and all the spinal nerves, are indicated by
dotted lines; the sympathetic chain by
unbroken lines.

Below VII is seen the origin, from the
medulla, of the vagus nerve. This nerve
enlarges into the ganglia jugulare et
cervicale, After giving off the superior
laryngeal it supplies geveral nerves to the
heart. The most important of those
derived from the left vagus leave 1its
recurrent laryngeal branch as it curves
heneath the arch of the aorta to join the
ganglion Wrisbergi. In front of the vagus
frunk is seen the ** superior cervical cardiac
of the sympathetic™ of human anatomy,
which corresponds, probably, to the de-
pressor nerve of the rabbit, cat, &c. Sym-
pathetic branches from the middle and
-nferior cervical ganglia enter the posterior
aortic plexus. They are derived from the
upper r]Ln]'.*l.'l.l rami communicantes through
the ansa Vieussenii (which is represented
as surrounding the inferior thyroid artery)
and the ganglion gtellatum,

The diagram is simplified by the
omission of many intercommunicating
branches.

[Tn.l I_."'IH'!' . 27.









HEART : NERVOUS MECHANISM. 29

the auricles and ventricle, with the result that they beat at different

rates. ! ;
Behaviour of frog’s heart-muscle fo stimuli, and comparison with skeletal

R Unlike skeletal muscle, the muscle of the heart cannot be made to con-
tract by stimulation of any nerve. It can be directly stimulated mechani-
cally, chemically, thermally, or electrically. ‘

The latent period is long (03 see.), but variable. There is no proportion
between the amount of the stimulus and the force of the beat. If the
muscle reacts at all it gives a full (maximum) contraction.

If the stimulus falls during the ““refractory period,” Z.e., the early phase
of contraction, it produces no effect at all.

It cannot be thrown into tetanus.

.. The beat of the heart is a peristaltic wave of contraction which passes
down from the sinus through the auricles and ventricle to the bulbus aortz.
It spreads from fibre to fibre. It is delayed at the junctions of the
chambers, owing to some increased difficulty of conduction, so that it
appears to be not a continuous wave but a sequence of contractions.

Conduction is by muscle, not by nerve.

Pro. Zigzag cuts do not prevent the spread of the contraction wave
(Engelimann), which is conducted in any direction at the rate of 10 to
15 mm. per sec.

Although striated, both longitudinally and transversely, the muscular tissue of
the heart differs in a marked degree from skeletal muscle. It is made up of single
cells with large oval central nuclei, not of large multinucleated cells. The cells
are destitute of sarcolemma; they branch, and the branches of neighbouring cells
fuse. Impulses therefore spread from fibre to fibre, and do not need to be
delivered separately to each fibre, as in the case of voluntary muscle,

What are the Functions of the Nerve-Cells ?

We have no evidence of any function except the multiplication of nerve-fibres,
and especially the division of a medullated fibre into a number of non-medullated
fibres.

This holds good not only of the cells of the heart, but also of the cells of other
ganglia, as the ganglia of the sympathetic chains, the submaxillary ganglion,
ganglia of the intestines and elsewhere,

What are the functions of the nerves of the heart?

To regulate the tendency of the heart-muscle to contract in two different
ways,
A, The “sympathetic” fibres are katabolic in action.
1. They accelerate the rhythm.
2, They augment the force of contraction.
3. They increase the conductivity of the muscle.
4. They diminish the distension of the heart.
B. The vagus is anabolic in action.
1. It retards the rhythm.
2. It reduces the force of contraction,
3. It depresses conductivity.
4, Tt increases the distension in diastole, and the quantity of
blood which remains in the ventricle in systole.
.. A and B are antagonistic. A increases the activity of the heart,
and leads to its exhaustion by inducing it to put out move force than

Roy and Adami.—'* Physiology and Pathology of Mammalian Heart," Fhil, Trans, Roy.
Soc., vol. clxxxiii, (1892), B., pp. 199-208,















32 HEART.

(continuation of the vagus from the sinus to the auricle and ventricle),
and the vagus then stimulated, the beat of the auriculo-ventricular
portion is slowed. If atropin is placed on the sinus, the stimulation
of the vagus is rendered ineffective, although no atropin bathes the
rest of the heart (Gaskell).!

Atropin also affects the cardiac tissue itself, or the ending of the merves
in thi}s tissue (a fact which seems to militate against the preceding state-
ment).

Pro. If a detached strip of the auricular wall (to which a lever is
suspended) is beating, the beats stop on the application to the muscle
of a weak interrupted current. Application of atropin to the strip
prevents the interrupted current from inhibiting its action.

B. Poisons which paralyse the motor nerves,

Muscarin and pilocarpin bring the heart to a standstill in diastole.

Selimiedeberg attributed this to stimulation of the vagus-endings, but
Gaskell shows (1) that when it is applied to the sinus of the quiescent
heart, it does not cause the positive electrical variation which stimu-
lation of the vagus produces; (2) that the heart may be stopped by
muscarin, but vagus stimulation will still produce a+ variation; (3)
that the muscarin prevents stimulation of the accelerator nerves from
developing the characteristic negative variation.

Nicotin and urari have the same action as atropin in paralysing the vagus,
but, although no result follows from stimulating the vagus in the neck,
stimulation of the sinus venosus still results in inhibition.

Nicotin paralyses the nerve-cells of the sympathetic, and prevents
the passage of impulses through them ; hence it prevents inhibition
as the result of stimulating the vagus (the fibres of which join nerve-
cells in the heart), but does not prevent acceleration as a result of
stimulating the sympathetic fibres which have lost their medullary
sheaths in the cells of the lateral ganglia.®

Muscarin applied to the heart still stops it after the application of
nicotin.

Atropin puts an end to the standstill produced by muscarin, It is
therefore an antidote to poisonous fungi.

VASOMOTOR SYSTEM: ARTERIES.

The muscular coat of the arteries is always more or less contracted, producing
“fone.”

Pro. Any influence which paralyses the muscular coat causes the vessel
to dilate under blood-pressure.

The smaller the artery the greater is the amount of its muscle in proportion to
its total cross section.

The function of the muscle is to regulate the amount of blood which passes
through the vessel, therefore the smaller the artery the greater are the possible fluc-
tuations in the amount of blood supplied to the area in which it is distributed.

The contraction of the muscle is induced by impulses passing down vaso-con-

strictor nerves.

A. Vaso-constrictor nerves: first discovered by Claude Bernard in the ear of
the rabbit in 1852. Certain effects of their action had been described earlier, but
no satisfactory explanation had been given.

Ezxpt. 1. Cut sympathetic in neck. Ear blushes.

1 Jour, of Phys., vol. viil., 1887, p. 404.
? Langley and Dickinson, loc. eil. See p. 43.










































40 NERVES: ELECTROTONUS.

It is measured by passing a shock into a nerve, and connecting the other end
of the nerve with a galvanometer at a known interval of time after passing the
shock. If the interval is too short, the impulse will not have travelled down the
nerve, and therefore the galvanometer will show an unaltered negative variation.
1f the interval is too long, the negative variation will have again returned to its
original condition, The negative variation cannot exceed the demarcation-current
in intensity.

It is really necessary in this investigation to pass into a nerve a succession of
shocks, because a single negative variation would'be insufficient to overcome the
inertia of the galvanometer-needle, but the deflection observed is equal to the
deflection which each shock would produce but for this want of sensitiveness in the
apparatus. :

When a constant current is passed into a nerve, a remarkable condition of
polarisation is set up. This condition is known as electrotonus. A current, which
may be even twenty-five times as strong as the demarcation-current, appears in the
direction of the polarising current.

The current of rest, current of action, and electrotonic current, were first deseribed
by Du Bois Reymond in 1543.

Does the setting up of the electrotonic current depend upon the physical strue-
ture of the nerve only, or would it be impossible but for the vital properties of the
nerve ?

That it is not simply physical is indicated by the fact, that it cannot be
established in dead nerve or nerve coagulated by heat, nor is it transmitted
beyond a ligature (Du Bois Reymond).

On the other hand, Matteucei showed, in 1863, that if the nerve is
replaced by an overspun metallic wire, the sheath of which is moistened
with a conducting liquid, electrical phenomena very similar to those of
electrotonus are observed. Hermann used, instead of the overspun wire, an
artificial nerve, made by immersing a wire in a long glass tube filled with
liquid. The glass tube was fitted with a number of side tubes into which
electrodes could be inserted. Provided that the contents of the tube are
capable of polarisation, e.g., if the core be a platinum wire and the liquid
a solution of sulphate of zine, extra-polar currents similar to those of
electrotonus, and followed by several reversed after-currents, are set up.

Hermann and Samways have also shown that after making or breaking
a polarising current, the extra-polar effect is transmitted along the
artificial merve as a wave, resembling in form the ©current of action”
or “negative variation” which accompanies an impulse. It travels slowly
like the negative variation; in a tube with wire-core, at the rate of 20-65
metres per sec. ; in an overspun wire, at the rate of 283 metres per sec.

Tt is clear, therefore, that the electric phenomena which mark the passage of an
impulse, depend for their production upon the physical as well as the physiological
properties of the nerve. 1),

The polarisation effect grows weaker as it travels along the artificial nerve.
The negative variation is conducted along a nerve with no loss of force.

The Physiological Changes which resultfrom theestablishment of electrotonus:—

The irritability and conductivity of the nerve are diminished in the region of

Hering.—** On the Positive After-vaviation of the Nerve-current consequent on Electrical

Stimulation,” For, Biol. Mem. Oxford, 1887, p. 250, g
}I‘igeratc-clls.-—" On the Internal '{;ulnrisntiujn of Nerves,” For, Biol. Men. Oxford, 1887, p. 77.

Gewall.—*¢ Polar Effects upon Nerves of Weak Induction Currents,” Jour. of Phys., vol.

iii, p. 175. : 3 .
Syewart.-—" The Effect of Stimulation on the Polarisation of Nerve," Jour. of Phys., vol. ix.

pp. 26, 190 5 vol. x. p. 468,
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the anode (where a condition of anelectrotonus is said to exist), inereased at
the region of the kathode (katelectrotonic region).

There is a neutral point between the anode and kathode where irritability is
unchanged. This “indifferent point” is nearer the anode when the current is
weak, nearer the kathode when it is strong.

No satisfactory explanation has yet been given of the inecreased tendency to
explosion which exists at the kathode, and the diminished tendency to explosion
which surrounds the anode.

Relation of Electrotonus to the Liberation of Impulses.

The generation of impulses by an’electric current dependsupon () the inereased
tendency to molecular disturbance (katelectrotonus) set up at the kathode when
the current begins to pass, and (b) the return from diminished to normal irrita-
bility at the anode when the current is cut off,

Pro. 1. If a strip of muscle of the fortoise-heart is placed upon the
electrodes, the wave of contraction can be seen to start at % when the
current is made, at a when the current is broken.

2. In the same way, if the sartorius of a curarised frog is suspended with
electrodes on either side of its upper end, it swings towards % when the
circuit is made, towards a when the current is cut off, i.e., the kathodic
side contracts first on making, the anodie on breaking (fig. 32).

3. If a current which has been passing for some time through a consider-
able length of nerve is cut off, tetanus is produced (Ritter’s opening tetanus).
If the nerve is cut in what was the intra-polar region, the tetanus at once
ceases, provided the anelectrotonic area is eut off'; if the anode lies on the
side toward the musele, it is not affected by the section. This shows that
the impulses producing the tetanus originate at the anode.

The two kinds of electrotonus are not equally effective in generating impulses.

If the current is of moderate strength, a contraction follows the making and
breaking of either ascending or descending currents.

If it is weal, a contraction only follows the making of the current, 7.c., the rise
of electrotonus,

If it is very strong, only breaking an ascending or making a descending current
produces an impulse, as if the electrotonic condition prevented conduction.

SYMPATHETIC SYSTEM OF NERVES.

The ganglionated cord in the thorax and abdomen was termed by the ancients
the intercostal nerve or great sympathetic, the vagus was termed middle sympathetic,
and the facial small sympathetic, because these three nerves were supposed to be
concerned in expressing the emotions and passions. The term sympathetic” was
eventually restricted to the great sympathetic nerve of the neck, thorax, and
abdomen. Bickat regarded it as quite independent of the cerebro-spinal system.
Waller and Budge proved that the fibres which enter the sympathetic are derived
from the cerebrospinal system. Various functions have been assigned to the

Samways.—** Electrical Actions in Nerves and Allied Physical Phenomena,” Cambridge, 1884.
Tigerstedt. —** Change of Excitability produced in Nerves by a constant Current,” For, Biol,

Mem.ﬂﬂ:rd!fwd, 1887, p.'b.

]Egpl;zu;;.——“ The Nature of the Electrical Break-contraction,” For. Biol. Mem. Oaford,

¥ (] .

G;;Tf;E;rﬂﬁg ?__*p,ﬂ =4%?nt1?nmt1m to the Theory of the Break-contraction,” For. Biol. Mem.
Beevor,— On some Points in the Action of Muscles,” Brain, vol, xiv. 1, p. 5L,
g;mn'-'eun.-—" On the Sensori-motor Nerve-Circuit of Muscles,” Brain, pts. liv. and Iv, p. 145,







































48 MUSCLE-CURRENTS,

to pass which stimulates itself, TIf a thread is tied round the nerve, the muscle
does not contract.

Current of Aci_:.iﬂn.-—When a muscle is tetanised either directly or through its
nerve, a current is developed in the opposite direction to that of the demarcation-
current. This negative variation may reduce the demarcation-current almost to
zero. If the muscle is uninjured, it does not show a current of action.

When a muscle is made to give a single contraction, the wave of contraction
travels down the muscle at the rate of 3 metres per sec. The wave of contraction
is preceded by a wave of negative variation, which travels at the same rate, but
lasts at any given point only ‘003 sec. It occurs in the latent period of the
museular contraction, 7.e., before the muscular contraction has developed, or at
any rate before it is visible as a change of form.,

Apparatus needed for the study of the nerve-muscle preparation.

‘A moist chamber in which the muscle can be suspended. An electric
battery for stimulating the nerve: the Daniell’s cell is a convenient form.

A magnetic interrupter by which the current may be frequently broken.
Tt consists of an upright eolumn which bears a steel spring. The spring is
in contact with a milled-head screw, through which the current is led
back to a second metal column connected with the negative plate of the
battery. The second column is formed of a soft iron core, surrounded by
the wire which leads the current back from the milled-head serew ; it be-
comes a magnet, therefore, every time that the current is *“made.” But as
soon as it is a magnet, it attracts a steel plate on the end of the spring,
and, drawing the spring down, breaks the current and undoes its own mag-
netisation, thereby allowing the spring to fly back to the milled-head screw,
remaking the current. The spring, therefore, vibrates between the serew
and the magnet, and the current is in consequence alternately made and
broken.

Accessory to the magnetic interrupter is a second pillar with a pointed
top, which keeps the steel plate from touching the magnet, to which it
would cling for a short time after the current was broken (fig. 27).

(P) A primary coil in the course of the wire which connects the milled-
head serew with the magnet; this is of no use by itself, but it induces a
current (opposite in direction) in S, a secondary coil. The eurrent, which
is made by closing the key and completing the circuit, is called the mak-
ing or closing current, and—mutatis mutando. The making (closing) and
breaking (opening) currents in the secondary coil are more sudden than
those drawn straight from the magnetic interrupter, and therefore better
stimuli for the nerve-muscle preparation. The current in the primary coil
is constant in direction ; that in the secondary coil is opposite to the pri-
mary on making, in the same direction as the primary on breaking. Of
the  two the “breaking” induced current is more sudden, and there-
fore more effective than the “making” induced current. This is because
each loop of the wire in the coil acts as a primary coil to the loop of wire
next to it, and its current consequently induces in the adjoining loop a
current of opposite direction, which has to be overcome as the main eurrent
passes on. The primary current is therefore weakened when thrown into a
coiled wire, and consequently the current induced in the secondary coil is
not so strong as it would be were there no induction in the primary coil.
No similar action occurs on breaking the primary current; the induced
current in the secondary coil represents its whole strength.

1f a weak induced current is used, only the breaking shocks induce con-
traction of the musecle.

The two kinds of shock may be equalised by using the contrivance (af)—a
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side wire which keeps up a constant weak current in the primary coil. This
eurrent resists the current which is induced in the secondary coil on break-
ing, and therefore diminishes its intensity. When Helmholtz's side wire
is in use, the milled-head screw is serewed up far enough from the spring
to prevent it from touching it.

It is often desirable to select only making-shocks, or only breaking-shocks,
excluding the other kind. This can be done by using Stohrer’s commutator.
The bent bar of soft iron (hig. 31 H)is rotated in front of the horse-shoe
magnet, N S. Each time that its ends come opposite to theends of the magnet,
it also is magnetised. Its magnetisation induces a current in the wire coiled
around it (magneto-induction). The magnetisation of the bar is made
and unmade every time its ends approach and leave the horse-shoe; conse-
quently, currents opposite in direction are induced twice in each revolution.
1 and 2, 3 and 4 are metal plates carried on a non-conducting ebonite core.
1 and 2 are connected with one end of the coiled wire, 3 and 4 with the
other end. The current generated in the coiled wire is led off by the
conductors Y and Z. 1-2 and 3-4 can easily be so placed as to touch ¥
and Z only as the ends of H approach the ends of N S, or only as they
leave them. In the former case they lead off the induced *making”
current, in the latter case they lead off the induced ¢ breaking” eurrent.

To make and break with immense rapidity, Kronecker and Stirling used
a vibrating steel bar, surrounded at one end by a primary, at the other end
by a secondary coil (tone-inductorium). It can be used to produce as
many as 24,000 alternating currents per second. The rapidity of its vibra-
tion is estimated by the pitch of the sound given out.

Keys and commutators of various kinds are used. The simplest and at
the same time the most generally useful commutator is Pohl's. Figure 30
explains itself. The end screws —and +are connected with the battery ;
the side serews x and y with the nerve or muscle. If the handle is
moved across so that the free wires rest in the mercury cups on the opposite
side of the dise, the current is reversed.?

A record of a single spasm shows—

A. A latent period or interval after stimulation before any visible change occurs.
In an ordinary nerve-muscle preparation this includes (a) the time taken by the
impulse in travelling along the nerve, and (5) the true latent period of about 01
sec. before contraction occurs,

This interval may be still further diminished (to *004 sec.) by using the best
methods for registering the first change in the muscle. Itis so short that it is
possible that it is entirely consumed in overcoming the inertia of the muscle,

B. Contraction period = about ‘04 sec.

C. Relaxation period = about 05 see.

! The pieces of apparatus named above are the most generall ful. F
' 1 y useful. For other forms of ap-
Ef‘mm’ see M'Kendrick, pp. 363 et seq., or Landois and Stirling, 4th edit., pp. 668-710 ;
Gregor-Robertson, Physiological FPhysics, London, 1884,

Kronecker and Stirling.—** The Genesis of Tetanus.” Jour. o Lhys., vol. i. p. 884
; S;w;élli—-“ Effect of Two Succeeding Stimuli upon Muscular nutra.ct'inn, iz J{:-Er. of Phys., vol.
‘Sewell.—** The Cause of the Falure of very Rapid Electrical Stimulati .
mll;," erh Q{_Phys., i s y Rapid Electrical Stimulation to Produce Teta
tarr and Young,—‘ Responses to the Alternating Cwrrent in Normal and Degenerate
Mt‘}n:lea’.h%hd f{mﬂﬂﬁimt" q,i"'];!fm Med, Sei., Oct. 1891, p. 301. EE
0 and Cash.—** Relation between the Active Ph f 1 )|
of Skeletal Muscle,” Jour. of Phys., vol. iv. E:m.“;.%ﬂ. ST e et Do

Yeo.—*“The Normal Duration and Significance of the ‘ Latent Peri itation, "
o Pliys., vol. ix. p. 896 ; vol. %, la.iﬂ.g ¢ nt Period of Excitation,” " Jour.
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Fic. 33.—Curves obtained from a fresh muscle and from a fatigued muscle
compared.

Fig. 24. — The triceps Fic. 85 — The

musele acting on a

muscle acting on a

Fo o ——

F

triceps Fic. 836, — The biceps

muscle acting on a
lever of the first lever of the second lever of the third
order, order, order,

Fro. 37.—A bipenniform muscle : the
subscapularis. 3y the oblique
attachment of the fibres of com-
pound muscles to their tendinous
septa, the range and rapidity of
movement is inecreased, the force
diminished

?rr.-_ll"r.ln_'.-f.-l _-'.I'_‘l_]

Fi1g. 38.—A 'F'H'I'l'.:iﬂtl of two external
intercostal museles and the inter.
cartilaginous parts of two internal
intercostals, H]'.li'ning the eross lacing
of their fibires, b
























FATIGUE. ob

B. The nutrition of the muscle is improved, and its growth in consequence
favoured. _

Development of muscle is obtained by exercise. Deformities of the
figure are corrected, not by resting the weak parts, but by specially using
them, as is provided for in the Swedish system of gymnastics—growth o
functional activity.

C. Fatigue results.

Causes of fatigue ; are they (@) local ?

a. Due to consumption of force-giving substance !

Con. The “ fatigue curve;” is almost a straight line. If the loss of
power depended upon the consumption of force-giving substance, the
fall would be rapid at first and afterwards slow.

B. Due to accumulation of products of action ?

This is the more probable explanation :

Pro. 1. When frog’s muscle is contracting with difficulty, the cir-
culation through its blood-vessels of a normal salt-solution, which
removes products of action without bringing nutrients, renews its
activity.

In the same way, the stiffness and pain in overworked muscle is
removed by quickening the circulation by a hot bath or by massage.

2. The injection into the circulation of lactic acid accelerates
and immensely inereases fatigue.

b. Are the causes of fatigue of central origin?

The nervous elements in connection with the muscle must be re-
garded as forming a part of the contractile apparatus. Does fatigue
commence in the nerve-cells?

Pro. However tired the muscles, unusual impulses, due to fright or
other strong emotion, cause them to contract vigorously, in a way
which would appear impossible for a ciogged machine.

Con. 1. We know nothing with regard to the relative foree of the
impulses in the two cases, and therefore we cannot say how much
greater may be the explosion provoked by the impulse when reinforced
by emotion.

2. It is impossible to tire nerve-fibres.
_ If, while interrupted impulses are being sent through a nerve,
1ts nerve-endings are paralysed with curare, contraction of the
muscle ceases, to be resumed as the effects of the curare pass off.
(Bowditch.)

We do not know whether the same result would be obtained if
the impulses were sent through a reflex arc in the central nervous-
system, or whether the nerve-cells and other constituents of the

y grey matter are capable of being tired.
Fatigue curve ; as the muscle tives ;(—

a. The latent period is lengthened.

b. The duration of the phase of contraction is hardly, if at all, lengthened,
but the height of the contraction is diminished.

¢. The time taken up in relaxing is greatly increased (fig. 33).

Brinck.—* Experiments on Nutrition of Muscle,” Brit. Med. Jour. , 1801, No. 1595, p. 181.































































T0 DIGESTION.

Fat consists of a slight framework of gelatinogenous connective tissue, with blood-
vessels and lymph-vessels, enclosing in its meshes large fat-cells. The nucleus and
protoplasm of the cell are pushed to one side by the drops of fat (a mixture of
olein, stearin, and palmitin—fluid, af the body-temperature), which distends the
vesmll.:.. Grastrie juice dissolves the connective tissue, setting the fat-cells free, and
?lsn dissolves the gelatinogenous envelope of the cell, liberating the fluid fat, which
is churned up with the other contents of the stomach to form *chyme.” In the
duodenum (a) some fat is rendered capable of absorption by the bile, which favours
its fine subdivision ; (b) some is split into fatty acid and glycerin by one of the
ferments of pancreafic juice ; (c) some is saponified by the alkali (Na, CO,) of the
secretions.

Milk is curdled by the rennin in the stomach, and its casein is peptonised by
gastric juice and pancreatic juice. If without previous admixture with gastric
juiee it comes in contact with pancreatic juice, it is in the same way curdled before
absorption. Its fat is digested in the manner already deseribed. Milk-sugar
(lactose) is absorbed as such from the stomach ; in the intestines it is, before
absorption, converted into dextrose and galactose.

Barthy Salts, the very important insoluble carbonates and phosphates which
are contained in vegetables, particularly cereals, are dissolved by the acid of the
gastric juice.

Changes in the Appearance of the Food.—The foods, broken into irregular frag-
ments by the teeth, are by the solution of their gelatinogenous framework, and by
the splitting of musele-fibres, reduced to a state of fine division. The fab is set
free by the solution of the envelopes of the fat-cells, and churned up with the
finely divided food into a creamy emulsion, or chyme, which passes through the
pylorus, The precipitation of peptone and parapeptones renders this sticky.
After reaching the lower part of the duodenum it begins to become thinner, and
the bright tawny colour given to it by the bile-pigments turns to green and grey.
Water is absorbed by the wall of the colon, and it becomes again thicker and browner.

The feces contain all that was insoluble in the food, together with such con-
stituents of the secretions as have not been absorhed—oxidised, and inspissated. On
o mixed diet the feces weigh one-seventh to one-eighth as much as the food,

1. The indigestible constituents of the food are chiefly cellulose, keratin, muein
(which largely escapes digestion by pancreatic juice), chlorophyll, gums, resins, cho-
lesterin, to which must be added much uncooked starch, tendon, elastic fibres,
nuclein, and insoluble salts.

9. Products of decomposition of food, such as insoluble soaps, fatty acids, pro-
duects of the decomposition of hemoglobin.

3 Bile residues : muein, cholesterin, lecithin, sterco-bilin, and choletelin.

4. Bacteria of many kinds, and débris from the intestinal wall.

5, Undigested food which may, when the diet is excessive, be present in large
amount, greatly swelling the weight of feces.

Meconium: the dark green faces of the new-born infant consists of con-
centrated bile, with the addition of leucocytes, broken down columnar cells, &e.
Bilirubin, biliverdin, and other pigments are present ; stercobilin is ahsent.

The following table exhibits the changes by which a typical day’s diet is pre-
pared for absorption. In estimating the amounts it is supposed that all the carbo-
hydrate required (say 240 grammes) is obtained from bread. The proteid which
the bread contains (about 30 grms.) is deducted from the meat. Sufficient meat
is taken, therefore, to yield 70 grammes of dry proteids. The weights of the
vegetables, sugar, milk, and cheese which enter into the diet are not esti-
mated. To make a balance-sheet it is necessary to analyse these articles of diet,
and diminish the weight of meat, bread, and fat by the amount of their chief con-
stituents which have been supplied in these other foods.
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Further history of proteid foods.

Are they stored ? : _
Pro. 1. Proteid granules accumulate in the livers of well-fed animals,

but we have no information as to their origin or destination.
2. More proteids are taken up by the tissues than are actually
required to repair their waste.

The amount of proteid used by the body can be measured by the
amount of its end-produet, urea, which is excreted. One part of urea
contains about the same amount of nitrogen as three of proteid.
Under normal circumstances there is no other channel by which
nitrogen leaves the body.

When food is withheld from well-fed animals, the nitrogen excreted
is at first very much higher than it is after a few days of starvation,
indicating that more than the necessary minimum of proteid is habitu-
ally metabolised in the body.

Along what lines are proteids decomposed ?

All roads lead to urea in Man and carnivorous mammals, amphibia and fishes;
urea and hippuric acid in herbivora ; uric acid in birds, reptiles, and many inver-
tebrates. In the foetus, urea is largely replaced by allantoin.

A. Any partially oxidised nitrogenous substance found in the body is therefore
an antecedent of urea (fig. 41).

1. Kreatin is always present in muscle [it decomposes into sarcosine
(methyl-glycin) and urea; C,H,N,0,+ H,0 = C,H,NO, + CON. oH,]. Krea-
tinin is a constant constituent of urine, but does not occur in sufficient
quantity to represent all the kreatin formed in musele.

2. Glycin appears to be formed in the body ; since uric acid may be a
result of the synthesis, in the body, of glyein and uric acid [glycin = amido-
acetic acid ; heated in a closed tube with urea, it combines to form uric
acid, C,H;NO,+3CON,H, =C.H,N,0,+ 3NH, + 2H,0]; hippurie acid
(glycin-benzoic acid) appears in the urine when benzoic acid is administered.

3. Leucin (amido-caproic acid) is perhaps formed in the body ; since it
replaces urea in the urine in acute yellow atrophy of the liver. It may
be due in this case to special decompositions of the liver-proteids.

4. No representative of the group of amidated aromatic acids, into which
proteid is decomposed in the laboratory, is to be found in the body ; unless
the glycin-benzoic acid of the hippuric acid secreted by herbivora arises in
this way, and not from substances in the fodder.

Con. Herbivora do not secrete hippuric acid while at the breast.

B. Any partially oxidised proteid oceurring in food, appears as urea in urine,
e.g., the leucin of pancreatic digestion.

Does oxidation overshoot the stage of urea, and is there a constructive me-
tabolism 1

Pro. 1. Ammonia-salts in food inerease the urea in urine.

2. Traces of carbamic acid (N H,COOH) are found in the blood and
elsewhere. Utea has been produced by the electrolysis of ammonic
carbamate (NH,COONH, = CO(NH,), + H,0).

Can the body construct its own proteids from simpler antecedents !

This is not impossible 5 (1.) since fats and carbohydrates can be made in
the body from proteids, elaborate constructive processes do oceur.

: _ (2.) Beef tea, meat extracts, &c., have a bene-
ficial effect, which may be due to their rapid absorption and easy meta-
bolism, or may be due to their taking part in constructive processes.

Where is the end-product, urea (or uric acid), formed 1
In the kidney ¢
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!;tl;ﬂ.n its likely to be consumed by a man who chooses his diet without considering
its cost,

They must supply at a minimum enough ecarbon to yield about 900 grammes of
CO,, i.e., 245 grammes.

They must contain sufficient proteid fo replace the tissue-proteids daily worn
out in the body. This amount is not easily calculated, but probably cannot fall
below 45 grammes (resulting in formation of 15 grms. of urea), since this seems to
be about the amount secreted by a starving man. As a matter of fact, most men
find, by personal experience, that the body works best with a daily consumption
of about 100 grammes of proteids (33 grammes urea).

9. Digestibility depends chiefly upon (a) the form in which the food is pre-
sented to the digestive juices, thus:—

Pie-crust, hot buttered toast, &c., are indigestible, because the fat, which will
not be digested until it reaches the small intestine is melted into the other sub-
stances, protecting them from the gastric juice.

On the other hand, cream and butter by themselves are easily emulsified.

Pork, because it contains large quantities of easily melted fat, with which, in
cooking, every musecle-fibre becomes coated.

Radishes, cucumber, &ec., owing to the large quantity of indigestible cellulose by
which the digestible contents of each cell are enveloped.

Chicken, boiled fish, &c., are easily digested because they present a fat-free
fibre for the gastric juice to act upon.

Sweet-bread consists of small eells supported by loose connective tissue; the
latter is digested by gastric juice, and the cells, falling apart, are quickly dissolved.

This list can be easily amplified.

(b) Upon the suitability of the food to provoke the flow of digestive secretions
without irritating the alimentary ecanal.

« Rich” food and aromatic substances are apt to inhibit secretion.

Many things, wholesome in themselves, are unwholesome when mixed. This
is true of meat plus much sugar, perhaps owing to the secretion of mucus which
cane-gugar provokes from the stomach.

3. Power of yielding force. Omnivorous Man can obtain force from any food.
The body adapts itself to its food, and but few rules can therefore be laid down.

Proteids, the most luxurious of foods, provoke the body to extravagance,

If a person, whose weight and nitrogenous equilibrium is maintained on a mixed
diet, take more proteid, the body-weight may fall, owing to a general increase in
metabolism.

If other foods are replaced by proteids, the fats of the body are burnt up to
supply their place (Banting). . .

Tats are chosen by people in cold climates ; they are avoided by people in warm
climates.

4. The work thrown by the foods upon the organs of digestion and excretion.

The data for guidance in this matter are scanty. Meat-extracts, grape-sugar,
aleohol, are probably absorbed without change.

Meat would appear to make a heayier demand upon digestion than starch. The
metabolism and elimination of proteids throws more work upon the liver and
kidneys than does the elaboration of carbohydrates and fat.

The composition of foods; the results of analysis are differently stated, accord-
ing to the meaning put upon the terms proteid, albuminoid, de.—much nitrogen-
containing substance is indigestible. The following averages are useful as data
for calculating diet-tables :—

Clean uncooked meat, fish, egg, contain, weight for weight, almost the same
amount of digestible nitrogenous substances, differently estimated according to the
quality of the article and the method of analysis (20 % to 12 ), the highest per-










































Prate XVI.

[F

Fic. 43.—Diagram of the secreting apparatus of the kidney, and the vessels by
which its several portions are supplied with blood. @, Interlobular artery
giving off short wide vasa afferentia to 7, the glomeruli; v, interlobular vein
communicating with S, vena stellata, and also receiving branches from the
cortical plexus; 2, vas efferens or vennle formed by the union of capillary
vessels of a glomerular tuft, and breaking up into a second set of capillary
vessels, which surround and supply @, the first contorted and spiral tubules,
and 2, the irregular, second contorted and junctional tubules; », vas rectum
verum breaking up into long marrow capillaries which supply ¢, the loops of
Henle, and o, the collecting tubules.

[To face p. 95.









MECHANISM OF THE KIDNEY. a7

Bowman's view, rather than Ludwig's, is borne out by experiment.

Pro. 1. In the ichthyopsida the contorted tubules are not supplied by
capillaries from the glomerular veins, but by a separate (renal-portal) system
of capillaries derived from the femoral veins,

Nussbaum tied the renal artery in the frog and found that sugar, pep-
tones, egg-albumen were no longer excreted by the kidney. ;

Therefore they leave the blood through the filtering apparatus
(the glomerulus). ,
Urea is excreted by the kidney with the renal artery tied.
From this it may be concluded that it is excreted by the tubules,
together with much of the water.

2. Heidenhain found that indigo-carmine (sulphindigotate of soda)
is excreted by the epithelium of the tubules ; this can be seen in sections of
the kidney made after its injection into the blood (provided blood-pressure
has been lowered by section of the spinal cord below the medulla, other-
wise the flow of water carries away the coloured particles).

The ascending limbs contain nearly cubical cells.

The collecting tubes and ducts are lined by the usual columnar cells.

In the same way the blood-supply of the kidney, which is unlike that of any
other organ, shows that the three parts are under entirely different hydrostatic
conditions (fig. 43).

1. The glomeruli are supplied by short and comparatively wide lateral
branches of the vasa recta.

Their pressure must be high but quickly and widely varied by vaso-motor
action.

2. The contorted, spiral, and irregular tubes are supplied by the capil-
laries into which the veins from the glomeruli break up.

Their pressure must be always low but constan,

: 3. The loops of Henle and the ducts are supplied by long arterial capil-
aries.

Their pressure is lower and more uniform than that of the glomeruli.

Anatomical considerations seem to demand a division of the mechanism into
three parts, as stated above, and there is reason to think that a rigid distinction
into two only, viz., the glomeruli and tubes, cannot be maintained,

Adami, working with Heidenlain, finds that—

(L.) If the renal arteries of the frog are tied, a collateral circulation, capable of
Carrying carmine, in suspension, or hemoglobin into the glomeruli is soon
established.

(2.) Water injected into the blood of the dog sets free hamoglobin, which
collects in the glomeruli ; but if nitrate of soda is administered, the heemoglobin is
washed out of the glomeruli, 7.e., a diuretic which was supposed to affect only
the tubules stimulates the glomeruli,

The fluctuations in amount of the blood in the kidney are very easily recorded
by the oncograph.

A blood-pressure tracing from the kidney shows the heart’s beats, respiratory

Bowman.—* The Structure and Uses of ], Malpighian Bodies i 1 ;.
Works of Sir. 17 Bounsy, Lomoroien o ¢ Malpighian Bodies in the Kidney,” Collected

Adami,—** Nature of the Glomerular Activity of the Kidney,” Jour, af Phys., vol. vi. p.

Tillie.—* The Oceurrence of Hemoglobinuria in Blood-Pres i o
I02 Fligg, YL x5 3. B50 o globinuria in Blood-Pressure Experiments, Jour, of Anat,

Herringham, Davies, and Groves “The Excretion of Urie Acid, Ui ia,”
s w— 2 iy H d
Jouy, of Pf;,yu.: vol. xii. pp. 475, 478, 4 SRR

- i{a_]r_:.lg%l&fn?éﬁilﬂm “roteids of Kidney and Liver Cells,” Jour, of Phys., vol. xiii., Suppl.
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ASPHYXIA. : 113

mechanical ; if it could be further shown that the curve obtained during artificial
respiration is not affected by opening the thorax, it would be clear that the
variations in arterial pressure are produced by the dilation and diminution of the

small pulmonary vessels.

In Asphyxia.

Blnnd—prej;::ie rises (fig. 48). ‘

Heart's beats are slower and deeper (even when the vagi are cut and the animal
is under curare). These changes continue to become more pronounced as long as
efforts to respire are made by the animal.

If the animal is curarised and artificial respiration stopped, long curves due to
the rhythmic action of the vaso-constrictor mechanism appear (Traube-Hering
curves fig. b). :

In the third stage of asphyxia B.P. falls, Traube-Hering curves disappear, the
heart’s beats become shallow and irregular.

Owing to the great resistance to the passage of blood through the lungs, the
right side of the heart is gorged with blood, the left side almost empty. Hence
the pulse is lost at the wrist long before the heart ceases to beat, and therefore
long before recovery has ceased to be possible, if the chest be inflated with air, and
the block in the pulmonary capillaries thereby removed.

Effect upon circulation of cessation of respiration.

During first and second stages of asphyxia the blood-pressure rises rapidly, owing
to a general stimulation (by the venous blood) of the vaso-constrictor mechanism.
Pressure rises when the spinal cord is separated from the oblongata, but in less
degree than when the oblongata is in connection ; .. the latter is the chief agent.
It occurs when the vagi are divided ; .. it is the venous blood which stimulates
the “centre” in the medulla oblongata. 'When the pressure is near its maximum
the overstimulated centre takes on a rhythmie action.

The rhythmic rise and fall may be a return to the rhythmic action
(Traube-Hering curves) of the vaso-motor mechanism, sometimes seen
under perfectly normal conditions in B.P. tracings, obtained with the
kymograph, but better seen in plethysmographic tracings, e.g., of the
kidney or a limb ; or they may be illustrations of the almost universal rule
that an over-stimulated nervous mechanism takes on rhythmic activity;
e.g., a brick can be held in the hand steadily for a time, but as the arm
tires it begins to sway up and down. If the latter view is adopted, they
should not be called Traube-Hering curves.

Relation of muscular work to respiration and circulation.—The only great
fluctuations in consumption of oxygen and production of carbonic acid depend
upon the muscles. Increased activity renders the blood rapidly venous. Venous
blood, however produced, increases the excitability of the respiratory mechanism.
It is generally thought, however, that the alteration in venosity of the blood is
insufficient to account for the increased respiration, e.g., the panting produced by
running, unless some special product of muscular metabolism (presumably sarco-
lactic acid) is the immediate stimulant to the medulla oblongata.

Museular activity is accompanied by dilation of the vessels by which the muscle
is nourished (again sarco-lactic acid is perhaps the agent which acts upon the wall of
the vessels) ; this tends to lower B.P., the heart in consequence beats more quickly
and forcibly. The rapid action of the heart is attributed to the removal of the
inhibitory influence of the vagus.

Marey's law that, “ the rate of the beat is in inverse ratio to the arterial
pressure,” only holds good when the vagi are intact,





































































128 COLOUR VISION.

Any three colours when properly mixed produce the same sensation as white.

Every colour, if sufficiently intense, gives the sensation of white.

Thfa above are the most important data to bear in mind when considering the
question :—

How do we distinguish colour?

Thomas Youngin 1807 formulated the theory that the retina contains three sets
of apparatus a, b, ¢, for responding to stimulation by rays of light; (a) stimnlated
by red rays, (b) by green rays, (¢) by violet rays, in the highest degree, but either of
the three stimulated to a less extent by all rays within the range of colour-vision.

This theory is endorsed by won Helmholfz. It suffices to explain our power
of discriminating all the colours to which the eye is sensitive. It accounts for
the fact that a mixed colour originates the same sensation as a pure colour inter-
mediate in position in the spectrum, since the stimulation by the intermediate pure
colour would be distributed between the three kinds of apparatus in precisely the
proportions in which the mixed colour is analysed by them.

Other argnments in its favour are :—

1. It fits in with the observation that defects of colour-vision consist,
not in total blindness to certain parts of the spectrum, but in such colous-
blindness as may be accounted for by the supposition that one set of
sensitive elements is absent from the patient’s retina.

The commonest defect is “ Daltonism,” due to omission of the apparatus
most highly sensitive to red rays. It oceurs in 1 person in eyery 35 (the
proportion is much higher if only males are considered).

2. The non-coincidence of the perimeters for blue, red, and green light
indicates structural differences in the retina ; the apparatus sensitive to
red light occupying a smaller area on the retina than that for blue.

3. The different relation between intensity of light and intensity of
sensation in the case of the several colours.

Blue light of low intensity makes a greater impression upon the
sensorium than does red light of low intensity : . *. at mid-day the field of
vision appears redder, in the evening it appears bluer; a winter landscape
seen through red glass suggests summer, a summer landscape seen through
blue glass appears wintry.

4, In santonin-poisoning the violet apparatus is first stimulated, and
then paralysed, the patient seeing everything yellow.

5. Very rapidly intermitted white light appears green, owing to the sensi-
tiveness (vapidity of reaction) of the apparatus for responding to green
being greater than that of the other two kinds of apparatus.

6. Consecutive coloured images : after staring at a red object until the
apparatus by which red is perceived is fatigued, the complementary colour
is seen on looking at a white field.

Con. 1. It is quite certain that each individual cone is equally sensi-
tive to all colours: ... the anatomical distinction between the three
kinds of terminal apparatus (or nerve-fibres) has yet to be discovered.

2. This theory does not distinguish between darkness (retinal rest)
and blackness. It admits no sensation of blackness.

7. If three photographs be taken without shifting the camera, () with
all the rays but the red blocked by ruby glass, (b) with all but the green
rays blocked, (¢) with all but the violet rays blocked, three partial pictures
are obtained, which, when superimposed by three lanterns upon a screen,
reproduce the ohject photographed in its original colours, if red, green, and
violet glasses respectively are placed between the slides and the screen.

8. TFor some little distance up each end of the spectrum, the shortening
and lengthening of the waves does not produce an alteration in the tint of
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b. External meatus; a tube which makes a gentle curve, with convexity upwards
and backwards, The inner two-thirds of its wall are supported by bone, its outer
third by fibro-cartilage. Its inner end is closed by—

¢. The membrana tympani, obliquely placed, its outer surface looking forwards
and slightly dewnwards.

The drum is slightly trumpet-shaped, being drawn into the umbo by the attach-
ment of the handle of the malleus. The umbo is below the centre of the mem-
brane. Just above the elbow of the malleus it—here called the membrana flaceida—
contains no membrana propria. The fibres of the membrana propria (which is
covered by skin on the outer, by mucous membrane on the inner surface) are
arranged both circularly and in a radiate manner ; they are inelastic.

d. The movements of the tympanic membrane are transmitted to the peri-
lymph by means of a chain of bones (malleus, incus, os orbiculare, and stapes)
which form a bent and jointed lever. The tip of the short process of the
incus, which is attached to the wall of the tympanum by the ligament of the
incus, may be considered as the fulerum of the bent lever ; from this point to the
umbo is half as far again as to the fenestra ovalis, and therefore the movements of
the foot of the stapes have two-thirds the amplitude of the movements of the
membrana tympani.

The movements of the hones are further guided by the following ligaments, (a)
ligamentum mallei anticum, which attaches the processus Folianus of the malleus
to the anterior wall of the tympanum close to the Glaserian fissure. The axis of
rotation of the lever passes through this ligament and the ligament of the incus.
(b) The external ligament of the malleus, which lies in the axis of rotation of that
bhone, and (c) the superior ligament which suspends the malleus, and serves to
check the excursions outward of its handle.

The rounded head of the malleus is received into a coneavity in the body of the
ineus. At the lower edge of the cavity is a cog which fits into a notch above
another cog on the neck of the malleus; by this arrangement the incus is com-
pelled to transmit intact the inward movements of the membrana tympani, but
when the membrane moves outwards, the head of the malleus rotates in the
concavity of the incus and the joint gapes; this is of importance, hecause,
while the membrana tympani has a comparatively wide range of movement, the
foot of the stapes is firmly attached in the bony ring of the fenestra ovalis by a
ring of connective tissue (containing elastic fibres) not more than 01 mm. wide,
and has therefore a very limited range of movement,

Tensor tympani musele ; the membrana tympani is not always tense; when at
vest it is comparatively lax. As soon as a sound attracts attention, the membrane
is rendered tense by contraction of the tensor tympani. If the sound is painfully
loud, the vibrations of the membrane are probably damped by the further con-
traction of the muscle. The muscle, which passes up the Eustachian tube in the
plane of the membranes, bends round the processus cochleariformis to be inserted
:nto the base of the handle of the malleus, at right angles to the membrana
tympani.

: SEapediua muscle passes from behind forwards into the neck of the stapes. The
exact use of this muscle is uncertain, but by pulling the front of the foot-plate of
the stapes outwards it diminishes the pressure on the perilymph.

The Eustachian tube keeps the air-pressure inside the tympanum ab the same
level as that of the external air.

Conduction of waves of sound.—The tympanie membrane collects the waves
of sound, and answers their vibrations. The movements of the membrane are
transmitted to the perilymph by the chain of bones, not in the form of molecular
vibrations, but by molar movement. )

Pro. Light levers attached to the membrana tympani and the stapes












132 HEARING.

It is tempting to suppose that the whole vestibular nerve is concerned, not with
hearing, but with orientation, the cochlea alone being the organ of hearing,

Pro. 1. The continuity of the utricle and (in birds, &e., but not in Man)
saceule, with the semicircular canals, is so obwvious as to make it difficult
to believe that they have distinet functions. The canalis reuniens is narrow
so as to separate these structures from the cochlea, rather than connect
them with it.

9. The otoliths (in Man otoconia) in the utricle and saceule, which
rest upon the hairs of the macul® acustice, look as if fitted to originate
impulses when the head is moved in any direction in a straight line. If
this is their true function, the utricle and saccule appreciate linear move-
ment—the semicircular canals rotary movements.

Con. 1. The maculee and cristez acusticee resemble primitive organs of
hearing.

2, The cochlea is only found in its full development in mammals.
Fishes cannot be said to have a cochlea at all, and yet they undoubtedly hear.

What qualities do we distinguish in sound *

Sound reaches the ear in the form of backward and forward vibrations. The
loudness of the sound depends upon the amplitude of vibration ; its tone or note
upon the rapidity with which the vibrations follow one another ; its quality upon
the prominence of the over-tones which accompany the prime tone.

The ear needs to recognise aperiodic vibrations, or noise, and periodic vibrations,
or musical notes.

It needs to diseriminate simple tones of from 30 or 40 to 30,000 or 40,000
vibrations per second. Inmusie, notes range from 40 to 4000 vibrations per second.

It needs to analyse compound tones.

When vibrations are superposed, the wave produced has a special * form,”
which depends not only upon () the numerical relation ;between the
two sets of vibrations, but also upon (¥) the phase of the longer wave upon
which the shorter wave is superposed.

The ear can resolve compound waves into simple pendular vibrations.

(It will be remembered that the eye has no power of resolving superposed
undulations of light.)

When the numerical relations between the tones is a simple fraction, the re-
sulting wave has a regular periodicity, and we recognise the compound sound
as a harmony. For example, the octave =, the fifth=4, the third = §.

When the relation between the tones is complex, the maximum rein-
forcements or summits of the compound waves occur at considerable
intervals, and we hear beats. The piano-tuner recognises that a note is out
of tune when, on striking it at the same time with another note with which
it should give a harmony, he detects beats. We dislike compound notes
in which the least common multiple of the constituent notes is so large that
the compound wave is very long, and its periodic interruption produces a
sensation of roughness, _ .

Tt is curious to notice, however, that intricate minor cords predominate
in primitive musie, e.g., Hungarian, Scotch, and Welsh music (Cobb).

Can the ear also take cognisance of the form of the wave? _ g

Von Helmholtz, by means of his vowel-tone apparatus,” liberates vibra-
tions at different intervals, so that while the constituent vibrations are the
same, the form of the wave can be varied at pleasure. He believes that the
sensations produced are indistinguishable.

Lord Kelvin! is of a contrary opinion.

1 «“Beats of Imperfect Harmonies,” by Sir William Thomson, Proe. Roy. Soe., Edin.,
1877-8.
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F1c. 79.—The motor-areas in the cortex of the monkey’s brain as determined by
stimulation (Horsley and Schéfer, Phil. Trans. Roy. Soc. 1888). A, The mesial
surface of the brain, showing the base of the rolandic lobe ; B, the external
surface. The front of the brain is to the right in A, to the leftin B.

Fie, 80.—A, The external surface of the left hemisphere of the human brain ;
B, the m:esial surface of the right hemisphere, showing the allocation of
function in the cortex, as inferred chiefly from clinical evidence ; A-fR, fissure
af Rolando ; 8, fissure of Sylvius ; T, centre for tongue, &c., within the dotted
circle which surrounds the cortical centre for speech; B-TF, frontal pole ; Gf,
gyrus fornicatus ; ¢, corpus callosum ; P, parietal lobe ; Q, quadrate lobule ;
po, parieto-oceipital fissure ; Cu, cuneus ; O, oceipital pole ; U, uncus.

To face p. 166.]









168 CEREBRUM.

They control movements of the several joints, rather than individual muscles, or
groups of muscles. The area for each joint can be subdivided into areas for its
flexion, extension, abduetion, adduction, &e.

The areas are associated together ; strong stimuli spreading from area to area in
a definite “march.” The same progress from movement to movement is observed
in a fit of Jacksonian epilepsy.

The differentiation of its functions varies as the predominant development of
the cortex cerebri.

It cannot be recognised in the rabbit. In the dog the centres are ill-
defined. They are more discrete and more minutely subdivided in the
monkey. Localisation i1s carried still further in Man.

Ablation of motor areas produces paralysis, which is temporary in the dog.

Goltz, by using a jet of water, washed away the whole of the motor
area and much of the surrounding cortex from both hemispheres of a dog’s
brain. The animal was reduced to a condition of idioey, but showed no
paralysis.

In the monkey it lasts longer, but recovery is possible,

In Man recovery may take place, although usually the voluntary control of the
museles is permanently lost.

The extent to which the animal relies upon particular spots in the cortex
for the volitional origination of particular movements, increases with the
increase of intelligence. Anatomically, the limitation to the rolandic area
of the cerebral connections of the cord keeps step with this specialisa-
tion. Hence the descending degeneration (of the pyramidal tract) which
follows removal of the rolandic area is much more extensive and complete
in the monkey than it is in the dog.

Interpretation of the results of stimulation and ablation.

A. Tt was hastily supposed that the areas in question simply contain a motor
mechanism upon which the Will plays.

Con. 1. If an animal is slightly under the influence of morphia, a sub-
minimal stimulus becomes effective when the skin over the muscles
governed by the cortical area, which is being stimulated, is simultaneously
stroked. This proves the existence in the area of sensori-motor apparatus.

2. Philosophieally, it is impossible to imagine the © Will” as acting
directly upon a motor mechanism ; volition is preceded by consciousness,
and we can only conceive of the Will as acting on the afferent side of the
sensori-motor ecouples. In other words, sensations of movement must be
stored in the cortex before it can become the seat of volitional action.

Beevor and Horsley.—** Minute Analysis of the Various Movements produced by stimulating
the Cortical Centre for the Upper Limb,” Phil. Trans, Royal Sociefy, 1887, p. 1563,

Horsley and Schiifer.—'*A Record of Experiments upon the Functions of the Cerebral
Cortex,” Phil. Trans., 1888, B., p. L. )

Horsley m&d Schiifer.—** Excitation of Various Parts of the Motor Tract,” Jowr. of Phys.,
vol, vii. p. 96.

Beevorpaml Horsley.—*¢ A further Minute Analysis by Electric Stimulation of the so-called
Motor Region of the Cortex Cerebri in the Monkey,” Phal. Trans., 1888, B, p. 205.

Sanger Brown and Schiifer.—‘‘ An Investigation into the Functions of the Occipital and
Temporal Lobes of the Monkey's Brain,” Phil. Trans., 1888, I, P. 303.

Beevor and Horsley.—* Results obtained by Electrical Stimulation of the so-called Motor
Cortex and Internal Capsule in an Orang-outang,” FPhil. T'rans., 1890, B., p. 129. :

Semon and Horsley.—*“ An Experimental Investigation of the Central Motor Innervation of
the Larynx,” Phil. ns., 1800, B., p. 187. 3 X ; .

Gotch and Horsley.—"* The Mammalian Nervous System, its Functions and their Localisa-
tion determined by an Electrical Method,” Phil. Trans., 1801, B., p. 267, o

Sherrington.—¢* Nerve-tracts Degenerating Secondarily to Lesions of the Cortex Cerebri,

Jour, of FPhys., vol. x. p. 428, xi. 399,

























174 REPRODUCTION,

discharged even before puberty, but their discharge is not regular or accompanied
by other physiological changes until puberty (12th to 15th year), The ovary
continues to discharge ova at regular intervals of 28 days until the climacteric
(7.e., about the 45th year).

The cells of the tunica granulosa becoming very numerous, form a layer two or
three deep, which lines the wall of the follicle, and a mass heaped up around the
ovum, the cumulus or discus proligerus.

The follicle is lined by a structureless membrana propria, and growing faster
than the cells it encloses, comes to contain liguor folliculi (lymph).

After a Graafian follicle has ruptured, the cells of the tunica granulosa benefit
by the liberal arrangements which have been made for the nutrition of the ovum,
and increase not only in number but also in size, forming a lobulated mass of large
epithelial cells remarkably resembling in appearance the cells of the suprarenal
and pituitary bodies. The wall of the follicle projects into this mass at many
points, conveying to it additional blood-vessels. The hmmatoidin derived from
blood which escapes into the follicle at the time of its rupture, and the “lutein”
which is formed at a later period by the atrophy of its cells, give to the mass a
yellow colour ; hence it is termed the corpus luteum. The ripening of another
follicle is the signal for the atrophy of the corpus luteum. This occurs at the
next menstrual period if the ovum last discharged is not fertilised, but not until
after the birth of the embryo if one grow in the uterus. The “false” and
¢ true ” corpora lutea are formed, therefore, for the purpose of keeping the ovary
in a state of quiescence by diverting its vital activities.

As the corpus luteum atrophies, its cells are seen to be undergoing fatty degene-
ration, leucocytes enter the follicle and carry away the remnants of the cells, and
eventually the position of the follicle is only marked by its folded and swollen
lining membrane (theca folliculi) which has undergone a peculiar waxy degenera-
tion. A little loose connective tissue, in which a few pigment-granules and
lencocytes are seen, fills the crumpled theca.

Menstruation, or the monthly discharge of the catamenia, is marked by an
increase in the blood-supply of the ovaries, uterus, and other organs of
generation.

The catamenia consist of blood (from 120 to 200 grammes), accompanied by
copious secretion from the uterine and vaginal glands, carrying with it portions
of the mucous membrane of the uterus which appear to have undergone some
amount of fatty degeneration. The mucous membrane may come away in small
pieces, or may (in cases which must be regarded as inflammatory, although habitual
to the individual) be detached in a complete cast.

Ovulation. It is usually supposed that an ovum (alternately from each ovary),
or more than one ovum, is discharged at each menstrual period into the mouths of
the Fallopian tubes. The vascular turgescence of the ostium abdominale of the
tube causes a kind of erection which makes the tube clasp the ovary. The erection

is probably aided by plain muscle-fibres, _
Object of menstruation. The greatest uncertainty enshrouds this subject. It is

Schwann,—** Microscopical Researches into the Accordance in the Structure and Growth of
Animals and Plants.” Trans, by Henry Smith. London, 1847. (New Syd. See.)
Turner.—** The Cell Theory, Past and Present,” Jouwr. of Anat. and Phys., vol. xxiv. p. 253,

1890. o
Cunningham.—** Review of Recent Researches on Karyokinesis and Cell-Division,” Quart.

Jour, Mier. Sci., vol. xxii. p. 35, 1882, SR
Waldeyer. — ¢ Karyokinesis, and its Relation to the Process of Fertilisation,” part 2, Quart.

Jowr. Micr. Sei., vol, xxx. pp. 1569 and 215, 1889, P
Oliver.—** Me:natrua.tinnilgts Nerve-Origin—not a Shedding of Mucous Membrane, Jour. of

Anal, and Phys., vol. xxi. p. 378, 1887.









































































190 PTOMAINES,

C,H.N,0O, creatinin, is creatin — H,O. Itisa constant constituent of urine to
the amount of about 0'6 gramme per litre, but varies with the proteid in the diet.

Other nitrogenous compounds.

] CoH, N,O,,, inosinic acid, an uncrystallisable substance found in muscle-
plasma.

C,H N, skatol, or methyl-indol, and—

CH.N, indol, appear in the intestine, and both are exereted in urine as double
salts with potassinm-sulphate, thus :—C;H,N,K,S0,. Phenol, cresol, and pyro-
catechin are secreted in the same form. Indoxyl-sulphate of potassium was termed
by mistake indican, because like vegetable indican (which is a glucoside) it is con-
verted into indigo by mineral acids.

Test for “ indican ” in urine. Add a little fuming nitric acid, and then
pour hydrochloric acid gently down the tube. The hydrochloric acid sinks
to the bottom of the tube, and at its plane of junction with the urine,
indigo is deposited.

KCNS, potassic sulphocyanate, occurs in saliva. It has probably a disinfecting
action in the mouth.

Test. Add to saliva a little ferrie chloride, sulphocyanide of iron is indi-
cated by a blood-red colour.

Ptomaines ! (wrépa, a corpse), and leucomaines ? (Aelkwpa, white of egg).

Substances which resemble vegetable alkaloids in their composition and poison-
ous effects.

(1) Some of these bodies are produced in putrefying animal matter, in bad cheese
(tyrotoxicon), in shell-fish under certain conditions (mytilotoxine), &e. (2) Others
are produced by bacteria in certain diseases: such are typho-toxine (of typhoid
fever), tetanine (of tetanus), &c. These are the most poisonous of the ptomaines,
and are distinguished by Brieger as  toxines.” (3) The leucomainesare bodies pro-
duced by animal metabolism without the interference of bacteria; some are
poisonous (as neurin and cholin), others are not. Indeed, it is impossible to fix a
limit to the application of the terms ptomaines and leucomaines, since they are
all compound ammonias, and most of the products of proteid decomposition or meta-
bolism come within this category.

Many actions formerly attributed to the control of nerves are probably brought
about by direct chemical stimulation, and it is possible that ptomaines and leuco-
maines are the agents by which the central nervous system is influenced in such a
manner as to affect the temperament in dyspeptic conditions, constipation,
jaundice, &e.

On the other hand, actions which were hastily attributed to the ptomaines
produced by bacteria, when they were first discovered, are now known to be due to
poisonous proteids.

Proteids (wpareioy, pre-eminence), Mulder’s name for the complex nitrogenous
bodies which are essential to all living organisms.

It is probably in the very nature of living protoplasm that it should be in a
constant condition of molecular flux ; its molecules ceaselessly forming new com-
binations, as nutrient substances are assimilated on the one side, and oxidised meta-
bolites excreted on the other. If this be true, and it is difficult otherwise to
account for vital activity, the actual formula for protoplasm can never be expressed,
although the plan of arrangement of its molecules may be discovered ; nor, apart
from its exhibition of vital properties, can a chemical test be devised which will
distinguish living protoplasm from dead proteid. The power of reducing weak
solutions of silver-nitrate is said to be distinetive of living protoplasm.

Although a numerous class of bodies, differing widely in physical properties,

1 Term introduced by Selmi. ? Term introduced by Gautier.
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lever; &, Key in primary circuit.
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