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PREFACE TO FIRST EDITION -

Tue present small practical book has been devised io suit the
needs of the experimental course in Physiology for medical
students at Glasgow University, In the selection of work to be
done an attempt has been made to assemble practical material
which, while illustrating the fundamental principles, would at
the same time have a (%ircct bearing on the future work of the
student. Experience in teaching has shown that the course does
give satisfactory results in spite of the handicaps of large classes
and limited laboratory time. No claim for originality is made
for the experiments described; indeed, many of them arc quite
ancient—Scheiner’s and Harvey’s being several hundred years
old.

The practical work is supplemented by demonstrations of the
activities of mammalian preparations, clectro-cardiograph, cic.,
but no account of these demonstrations is included.

It will be noted that very little explanation of results is given.
The student is expected to make up his own mind about the
conclusions to be drawn from his experimenial results and to
consult his text-book for further details.

The course of practical work described here is a modification
of that first drafted by my predecessor, Dr. R. C, Garry,

I am very grateful to Professor Cathcart for his careful readin
of the manuscript and for much valuable advice. I have to than!
my colleagues in this department for help in seitling various
points, also the publishers and printers for the excellent way in
which they have carried out their work.

~Ug

G. H. B.
INSTITUTE OF PHYSIOLOGY,
Tre UnversiTy,
Grascow.
December 1936.



PREFACE TO SECOND EDITION

T edition is larger than its predecessor because of the longer
time now given to experimental physiology. The programme
arrangement of the first edition has been altered to a systematic
arrangement of experiments, but a plan of our junior course is
included.

By the generous co-operation of Professor McDowall and Pro-
fessor Garry I have been able to include experiments from their
courses at King’s College, London, and University College,
Dundee, which are not contained in the Glasgow scheme.

I am indebted to Professor Cathcart for his careful reading
of the manuscript, and I have benefited once more from the
advice of my colleagues. The publishers and printers have
maintained their high standard.

. G. H. B.

InsTrrUTE OF PHYSIOLOGY,
T UNIVERSITY,
Grascow.

September 1940,
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INTRODUCTION

In the experimental coursc ihe activities of living tissues are
examined, Many tissues can be activaied very convenicnily
by clectrical stimulation, and the resulting movement can be
recorded on rotating drums.

Arrangement of Laboratory.

The arrangement of terminals on the bench applies 1o the Iustitute of
Physiology, Glasgow. In other laboratorics different arrangements will be
found. A'space is left here so that the student can insert the local interpretation
of G, I, and T terminals. If a switch is not included in the terminal board on
the bench a single pole switch should be added to all the circuils given here,
As experimental physiological apparatus is hy no mecans standard other local
variations may be found, They may be entcred here or in the test,

In the experimental laboratory cach of the four henches
has a shaft running along its midhne driven by a motor wnder
the bench. The shafi carries pulleys for driving the kymographs
and also the interrupter discs described below. At cach place
there is a drawer for small articles, viz. connecling flex, blotling-
paper, pin electrodes, and also a cupboard for kymograph drum,
induction coil, switches, etc. At the end of cach lesson all pieces
of apparatus will be returned to their appropriaic places.

In front of the shafting there is a switchboard with terminals.

The G’]i;ernﬁnals give continuous current from a 4-volt accumu-

lator. The T terminals give time impulses. See Time-marking.

The I terminals give interrupted current for the induction coil.
I2
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14 EXPERIMENTAL THYS10LOGY

See Induction Coil. The I terminaly are connected 1o the g-vol
accumulator through the interrupter disc on the shafling. This
consists of a fibre disc with copper segmenis on which bear four
copper brushes. When the I terminals are not required the brushes
arc held back by a catch to avoid unnecessary wear, When a seg-
ment comes under a copper brush then current can flow through
any apparatus }c.g. the primary coil of the induction coil) con-
nected to the I terminals. The speed of the shafiing and ihe
number of brushes is such that the current is “made™ and
“broken” about forty times per second.

The switch (just behind the C terminals) controls the current
from both C and I terminals; for some experiments it is used as
a hand-manipulated interrupter. When the switch is “down”
current is cut off from C and I terminals; always put the switch
down when current is not required. G terminals are provided
only on Bench 1 (nearest the entrance door). The outpul from
these terminals is controlled by a potentiometer ol approximately
50 ohms. The finger of the potentiometer is moved by the handle
from W to S (weak to strong). The potentiometer has 16 volts
across it. The G terminals are used when a stcady current is
required for stimulating tissues,

Care should be taken when connecting wires 1o the terminals
to see that adjacent terminals are not short-circuited by frayed
ends of wire; metal instruments should not be laid between the
terminals. A short is the most usual cause of failurc of elec-
trical apparatus; if this does not explain a failurc trace out the

circuit from one terminal on the swiichboard back io the olher
one.

Galvanic and Faradic.

Be it noted here that the terms “galvanic” and ‘““faradic
should be abolished. The former must be in any case further
sEecﬂied—-e.g. a potential of 1 volt was applied for one second to
the tissue. A “faradic” current is an induced current produced
by an induction coil. Its special peculiarity is that it lasts for a
very short time, whereas a “galvanic” current is a steady current
(ffom a battery) which may last a very long time. The peak or
maximum voltage used in *faradic® stimulation may be of any
order, but it is usually greater than that employed in “galvanic®
stimulation. “Faradisation® means that the tissue is stimulated
by a rapid series of induced currents. These remarks may help
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16 EXPERIMENTAL PHYSIOLOGY

the student better Lo understand text-hooks which are inclined
give the idea thai these two cutrents are mysterivusly ditferent,

Induction Coil.

For students’ purposes the i.nduutinn coil is tl}v lwst‘ apparatus
for producing brief electrical nnpuls(‘s.’ It consists of o prime
coil wound with fairly thick copper wire over a bundle of so
iron wires, This coil is fixed to the baseboard of the instrument,
and the copper wirc ends at two tcrmix}als on the top of the
vertical piece of wood supporting the coil. The secondary coil
consists of a very large number of turns of [ine copper wire ending
at two terminals carried on the horizontal wood base supporting
this coil, which can be slid nearer to or farther away from the
primary coil. The distance between the iwo coils can be read at
the pointer attached to the base of the secondary coil which
travels over a centimelre scale fixed to the base of the instru-
ment.

Any change of current in the primary coil will induce a current
in the secondary coil. If the cutrent is fowing steadily, or iy zevo,
in the primary coil then there will be no current induced in the
secondary circuit. The strength of the induced current varies
inversely as the distance between the coils (being strongest when
the secondary is right over the primary) and is greater the more
sudden the alteration of the curreni in the primary coil. When
the primary current is switched on (i.c. “‘made”) it takes some time
to grow to its maximum valuc owing to the inductance of ihe
primary coil. This is characteristic of any coil—any change in
the current flowing in it is opposed. When the primary current is
switched off (i.e. “broken’) then it falls lo zero very suddenly,
The induced current at “break® is, therclore, greater than the
induced current at *“make.”

To obtain a rapid succession of these “make” and “break”
currents (often loosely called “shocks®) connect the primary
coil to the I terminals and lei the copper brushes down on the
interrupter disc. (This replaces the Neef’s hammer or electric
bell trembling movement which, although usually fitted, is in
many ways unsatisfactory. If I terminals arc not available, the
demonstrator will indicate the terminals to use to bring Neef’s
hammer into use.) The C terminals are used when the experi-
menter requires a single stimulus or a series of stimuli slower than
that supplied by the I terminals, e.g. when the drum, tetanus
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spting, or other form of interrupter is used to make and break the
primary circuit. . .

Some of the coils are provided with small metal rectifiers;
these are marked with a large R. The “make current” flows in
the secondary cail in the opposite direction to the “break current®
and can therefore be prevented from flowing by mecans of a recti-
fier or a valve connected in the secondary circuil in the appropriate
direction. The elimination of the “make shock™ will be found
very useful in many experiments. Note very carcfully that in
the case of the coils with the rectifiers the primary terminals arc
marked + and ~, and that these must be connectcd to the
G or I terminals + to + and — to —~, To avoid damage to the
rectifiers the primary and secondary coils should not be moved
any nearer to one another than is necessary to obtain a satisfactory
»muscle twitch. In other words have the coils as far apart as
possible consistent with satisfactory stimulation.

The secondary terminals must always be connected to a
friction switch, so that the secondary coil is shorted when the
switch is closed. The pin electrodes used for stimulating the
tissue are also connected across the switch so that eurrent can
pass through them across the tissuc only when the switch is
opened. This prevents polarisation in the tissue,

Kymograph.

The kymograph, or more simply the drum, consists of a pear-
box with a vertical ‘spindle carrying a G-inch diametcr drum.
At the side of the gear-box is a cone of pulleys. A loop of string is
passed over a pulley on the shafting and over a pulley on the
drum. As the drums vary in type the actual positions of levers,
etc., will be demonstrated in the laboratory. Each has a clutch
lever for starting and stopping, and another lever with thrce
positions : fast, neutral, and slow. By utilising the various sizes of
pulleys on the shafting and on the kymograph, plus the large
reduction gear brought into action at the “slow” position, a ve
large range of speeds of the periphery of the drum can be obtained.
For examﬁle, to make the drum travel as fast as possible use the
largest pulley on the shafting and the smallest on the drum with
the lever in the fast gear position; to make the drum travel as
slowly as possible use the smallest pulley on the shafting and the
largest on the drum with the lever in the “slow® position.

At the base of the vertical spindle carrying the drum are iwo
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20 EXPERIMENTAL PHYSIOLOGY

projecting arms which can be moved stiffty on the spindle. When
{he drum is rolated thesc arms come into contact with an 1‘nsulatod
spring contact on the side or on the basc of the drum. ‘The arms
and the spring contact are connected 1o icrminals so that clectrical
impulses may be sent into a lissue al prearranged Limes, _

When making records the drum should revolve in a clockwise
direction.

Smoking.

Moisten the gummed edge of the kymograph paper. Holding
the gummed edge in the left hand wrap the paper glossy side out
round the drum. When it is all square and tight press down the
gummed edge, which should overlap from left to night.

If a fume cupboard is available smokc the drum in it to keep
the laboratory clean. Coal gas is passed through a can packed
with pumice soaked in benzene. This gives a very sooty (lame
when a fish-tail burner is used. Sct the drum revolving at its
fastest speed and bring the flame slowly and steadily down the
drum; only the yellow part of the flame should be in contact with
the paper. The layer of soot should be a dull hlack-hrown, and nol
too thick. Mark the position of the overlap by rubbing off some
soot near the top.

Time-marking.

All work with rotating drums really rccords graphically the
relation—movement of organ against time. The ordinate, move-
ment, is easily measured at any time, but the abscissa, time, must
have its value recorded during the iime of experiment. No trace
is of any value unless it carries a time-trace.

Where the drum is moving rapidly a trace is made by a tuning-
fork of frequency 100 cycles per second. Hold the siem of the fork
in the right hand and strike it on the left palm, then press the vibrat-
ing cnd with the writing point lightly against the drum. The
flat surfaces of the blades must be kept in a horizontal plane.
The right hand can be steadied by supporting it in the palm of
the left hand, the left elbow resting on the bench.

The T terminals on the bench are connected to an clectric
clock which momentarily connects the terminals to a battery
(12 volts) every 1 second or 10 seconds or 60 secconds. The interval
required for each bench can be selected by plug contacts in a case
on the laboratory wall. An electromagnetic marker connecied 1o
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22 EXPERIMENTAL PHYSIOLOGY

thesc terminals is allowed to write gently against the drum,
This time-recording is suitable for experiments requiring a slowly
revolving druin as, for example, in heart experiments.

Tracings.

To remove the paper from the drum cut through il al any
convenient part (usually near the overlapped join) by inserling a
closed forceps (or a knife with its back to the drum) behind the
upper edge of the paper. Push the forceps or knife down while
holding the paper in position. Never use a knife with the blade
towards the drum, i.e. cutting on the metal surface of the drum.

Lay the paper flat on the table and, using a hand-rest, write
on any annotations necessary for the explanation of the curves—
e.g. MOMENT OF STIMULATION, TIME IN SECONDS,
DISTANCE IN CENTIMETRES BETWEEN PRIMARY AND
SECONDARY COILS. Put your NAME on the trace, with the
DATE, and varnish it by pulling the paper slowly once through a
pool of varnish or over the varnishing-drum, Allow excess varnish
to drip back into the lray. The trace is then piuned to the drying-
rack near the fan and should be dry in less than hall an hour,
The drying can be hastened if the trace is laid on the metal cover
over the radiators after drying for five minutes on the rack. All
traces, if dry, should be collected before leaving the laboratory.
If not, they will be found at the next meeting on the shelf labelled
Section A, B, G, and D. The varnish is a solution of colophony
resin in methylated spirits, with a small quantity of castor oil or
liquid paraffin to prevent the varnish from setting too hard.

Trim the traces in the guillotine, and paste or gum them into
your book. When working in pairs or fours a tracing should be
obtained for each student. An ink or pencil copy of a trace will

not be accepled unless in the one or two experiments in which it
is impossible to obtain duplicates.

Laboratory Records.

This book is provided with blank pages for the keeping of
records of cxperiments. When completed it will provide the
student with a compact book of reference, and it will enable the
teacher to discover whether the work has been conscientiously
carried out.

Write in your remarks as near as possible to the printed
description of the method. Under the heading REsurts should be
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given traces, diagrams, graphs and any calculation; traces and
graphs should be carefully labelled so that no further description
is required. A very bricf description may be required of human
experimental work. Under the heading ConaLusions an atiempt
should be made to answer the question under investigation.
Elaborate conclusions cannot be drawn from onc cxperiment:
do not give as your deduction 2 mere restatement of the results.

Write very briefly and then you will have time to write legibly.
Bad writing is an affectation which is heartily 10 be condemned;
it is often merely a cloak for ignorance.

Solutions to be used in Contact with Living Tissues.

Cells arc harmed or killed if placed in pure water; special
solutions must be used to keep exposed tissues moist or to perfuse
or bathe surviving organs.

Frog Ringer.—The composition of this fluid is: NaCl 0:6%,
KCl 0-0075%, NaHCO; 0-01%, CaCl, 0-019%,. This solution,
when made up in glass distilled water, has been found by repeated
trial to be a suitable medium for l{))erl'.'usion of frog tissucs. Tt has
the same osmotic pressure as the blood of the frog and is slighily
alkaline, Also there is such a balance beiween the Ca and the K
ions that the frog heart in this medium continues to beat lor a very
long time.

Mammalian Ringer.—Tyrode’s modification: NaCl 0-8%,
KCl 0:02%, NaHCO; 0-1%, MgCl, 0-01%, NaH,PO, 0:005%,
GaCl, 0-02%, Glucose 019, This solution must also be made up
in glass distilled water. As with frog Ringer all the constitucnis,
with the exception of the CaCl,, should be dissolved in almost the
final volume; then the CaCl, is added and the volume made up to
100 per cent. This solution will not keep since it contains glucose.
The omission of glucose will in many instances make no appreci-
able difference to the experimental resulis.

Fluid of this or similar composition is often given intravenously
in man where there has been fluid loss. Ringer leaves the blood

vessels rather quickly, but this is delayed if 6 per cent. gum arabic
is added. What is the reason for this?
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CHAPTER ONE
SKELETAL MUSCLE AND NERVE

Preparation of Frog Material.

Note.—Each student must provide himself with a strong pair
of scissors, a small pair which should cut right to the point, and
two pairs of forceps, one fine. At the end of a day’s usc they
should be washed in hot water, dried thoroughly, and rubbed
over with a trace of vaseline.

The drum must be smoked and all apparatus got rcady before
obtaining any biological material.

The frog is held by the hind feet veniral surface upper-
most and killed by swinging it smarily against the edge of the
table.

Removal of the Hemispheres.—~In some experiments it is necessary
to remove the hemispheres only. Insert a scissors blade into the
mouth and cut off the head just bchind the cyes.

Decerebration—Insert one blade of the scissors into the mouth
and cut off the skull behind the tympanic membranes. If it is
necessary to avoid excessive bleeding these operations can be
carried out by crushing the brain between the blades of a Spencer
Wells forceps.

Pithing—Push a large pin down the vertebral canal; by rotary
and side-to-side movements destroy the cord.

To avoid unnecessary waste it is usual to divide the frog inio
two parts. Hold the pithed (or in some cases decerebrated) frog
belly upwards. It will be found that if the legs are held up verti-
cally in the left hand then the body will fall over the index finger
dorsal surface io dorsal surface of finger. Make a snip into the
abdomen with the scissors and enlarge the opening laterally on
both sides. Then cut across the body with scissors just a little
nearer the head than the apex of the bend. The upper part is
used for experimental work on the heart and the lower preparation
is used for nerve and muscle experiments,

26
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Tustration to Muscle-Nerve Prepatation. Numbers refer to instruction in text, p. go
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Muscle-nerve Preparation.

During the preparation of any frog material keep the tissucs,
especially nerves, moist with frog Ringer. Use scissors, not a kuife.
Do not put any strain on a nerve; do not use forceps Lo grasp a
nerve. Take the lower preparation just described and hold the
stump of the veriebral column in one hand and grasp the dorsal
skin between the folds of a cloth in the other hand. The trouser of
skin can then readily be pulled off. Still holding the stump of the
vertebral column dorsal side up, cut out the urostyle (the carti-
laginous prolongation of the vertebral column) with scissors (cut
1 in illustration). Keep the blades close to the urostyle. Push
one scissors blade between the two diverging bundles of nerves to
the legs, and divide the vertebral column into two halves (2 in
illustration). Grasp the thigh dorsal side upwards between the
fingers in such a way as to push apart the {lexors and extensors (3)
—ithe sciatic nerve will be ai once apparent. A glass rod with a
small rounded point dipped in saline is used to pull the muscles
away from the nerve, which should be cleared from the spinal
cord to the knee joint. Pass the glass rod between the tibio-fibula
and the gastrocnemius muscle, and separate these from the knee
joint to the sesamoid bone. Cut through the plantiar inscrtion of
the gastrocnemius distal Lo the sesamoid bone (4). Cut through
the tibio-fibula (and the anterior tibial muscles) as near the knee
as possible (5). Cut through the iliosacral joint (6), and bring the
small piece of veriebral column with the attached sciatic nerve
down over the gastrocnemius. Cul the femur as ncar the knec as
possible, avoiding the sciatic nerve (7). Put the muscle-nerve
preparation in Ringer solution.

In the following experiments the sciatic nerve is ofien exposed
to the air and, therefore, it may easily dry. If the musclc afler a
period of quiescence suddenly shows spontancous movements,
this is not usually due to drying of the muscle, which has a com-
paratively large bulk, but to drying of the nerve, which has a very
large surface relative to its bulk. The nerve can be kept moist by
pouring Ringer solution over it frequently. In the intervals of an
experiment it is wise to take the nerve off the pin electrodes, lay
it on the muscle, and cover both with a small piece of blotiing-
paper and pour Ringer solution over i.

Simple Muscle Twitch.
(1) To record the course of coniraction. Apparatus required:
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drum, induction coil, muscle lever, pillar on adjustable base, frog
board, pin electrodes, wires. Set up all apparatus and smoke the
drum before obtaining frog material. Circuit is as follows (sce
diagram): one C terminal (accumulalor) to primary coil, primary
coil to drum terminal, other drum terminal back o G (accumu-
lator) ; sccondary coil short-circuited by switch, pin electrodes
across switch, Clamp the frog board on the adjustable pillar and

[+

0° o

d
B =i

“— __ [ *Q?“”Q

cover the cork with paraffin waxed paper to prevent contamination
of the muscle and nerve by salts, drugs, elc., previously soaked
into the cork. Lay the muscle-nerve preparation on blotiing-paper,
soaked in Ringer, placed on the waxed paper, Put thc muscle
lever into the slot provided on the frog board and clamp it in
position about hall way along the slot. Place a 5-gm. weight (or
more in the case of a large muscle) on the serrated edge of the
muscle lever about 2 cm. from the fulcrum. Pick up the bent
pin attached by a thread to ihe short arm of the muscle lever and
push it through the tendon of the gastrocnemius proximal to the
sesamoid bone (i.e. between the bone embedded in the tendon
and the muscle). Pull the tendon gently into the crook of the pin.
Push a straight pin into the cavity of the femur and on till it emerges
from the femur. Pull gently on this pin to make the long arm of
the muscle lever horizontal and push the pin firmly into the
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frog board to maintain this position. Take care that the bent pin
is clear of the blotting-paper. The weight of the lever will now be
borne by the muscle. Screw up the afterloading screw (a little
screw near and below the fulcrum of the lever) until the weight
is just taken off the muscle. This ensures an even base line. Lay
the nerve across the pin electrodes, which arc fastened by a pin
to the frog board. Kecp the nerve moist with Ringer, but do
not allow a large drop to gather between the clectrodes as this
will short-circuit the nerve.

Turn round the drum until one of the contact arms touches
the electric contact on the base of the drum. Move the switch on
the terminal board up and down (the circuit is broken when the
switch moves down) with the short-circuiting switch open and
move the secondary coil in or out (starting at about 30 cm.) until
the muscle contracts at “break” only (see Induction Coil, p. 16).
The point of the writing lever should be adjusted 10 move in a
planc parallel to the surface of the drum, and the lever should be
at right angles to the radius of the drum at the point of contact
(i.e. tangential). Set the drum contact arms at 180° apart, making
one of them point to the junction of the smoked paper. Close the
shorting switch in the secondary circuit. Keep the lever just off
the smoked paper. Start the drum revolving at ncarly the fastest
speed (largest pulley on shafting to second smallest on drum).
Pull up the switch on the terminal board, open the shorting switch
and note the twitches. This phantom trace will demonstrate
whether or not all is in order. If the contacts were adjusted as
suggested then the records will not fall on the junction of the
smoked paper.

Close the shorting switch. Push the lever lightly against the
drum about one inch above the lower cdge by rotating the mov-
able base-piece of the pillar, When the drum is rotating steadily
open the shorting switch—two twiitches will occur—close the
switch quickly. Leave everyithing as it is. Stop the drum with the
clutch lever. To mark the moment of stimulation revolve the
drum slowly by hand in the same direction as before, keeping
the switch in the secondary circuit closed till the striker is just
about to make contact, then open the switch; very cautiously and
steadily continue the movement of the drum till the muscle
contracts at “break” and so marks the moment of stimulation
with a vertical line. Project the apex of the curve down to the
base line, by moving the lever with the finger at the correct
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position, Repeat for the other tface which is 180° from the first.
Run a time-trace with the tuning-fork. Kcep the preparation,
especially the nerve, moist with Ringer so that it will be in good
condition for further experiments. ) ] ’

Measure: latent period, contraction period, rclaxation period,
also length of muscle, dimensions of lever and position of weight.

Calculate: actual shortening of muscle, mass lifted by muscle,
work done by muscle.

h
LP_' = ! = VA_A

Yioo Sec
The actual shortening of the muscle, x, is £ divided by the

magnification of the lever, x-—-%bcms. If the mass lifted is y, then

b =pmsoy= j_);_n gms. Thus the weight lifted is 11]7}2 -g dynes. The

work done is therefore bmg. 1 _ mgh ergs.
b a a

(For the meaning of g, b, k, m, p, see the two diagrams given
above. For explanation of calculations see physics text-book.)

Isometric Contraction.

() In the previous experiment the load on the muscle was con-
stant—i.e. isotonic. If an isometric lever is substituted for the
isotonic one, then an isometric contraction can be recorded by
precisely the same technique. It will be seen that the lever is
attached to a wire which can twist very slightly. Tie a strong
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thread round the tendon and tie it to the lever near the fulcrum.
The knee joint is held firmly in a clamp placed above the lever
and adjusted so that the muscle is stretched slightly. Proceed
exactly as with the isotonic lever.

Etfect of Load and Length on Muscle.

(8) The apparatus required is exactly as in the simple muscle
twitch experiment (p. 30). Wire up the induction coil to G
terminals (4-volt accumulator) but do not include the drum in the -
circuit. Smoke the drum and get the muscle-nerve preparation
ready. Arrange the muscle on the frog board so that the lever is

l L} ] M -
10 15 20 25 30 35 40
ms,

@O tn-

40

horizontal and just supported by the after-loading screw with no
weight on !:he_ lever. The muscle will thus not have the weight
applied to it till after it begins to contract—i.e. it is afterloaded,
By moving the switch on the terminal board up and down, find
a break shock which is sufficient to give an adequate contraction
of the muscle. Bring the writing point lightly against the drum
and about half way down it. Take a record—a single line—of the
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contraction of the unloaded muscle on the stationary drym.
Move round ihe drum about 0-5 cm. by hand. Place a g-gm.
weight on the serrated edge of the muscle Iever. Record the con-
traction, again move round the drum about 0-5 cm. Clontinue to
add weights, advancing by 5 gm. on each occasion, and always
placing the weight on the serrated edge of the lever at the same
lace. Take records uniil a weight is found which the muscle is
just unable to lift. Then move the drum on o5 cm., lower the
afterloading screw and allow the muscle to be stretched by this
heavy weight without support from the screw. The muscle is thus
loaded at rest. Move the drum along another o5 cm. Stimulate
the, nerve again—the muscle will contract and raise the weight.
Remove all weights. Keep the muscle-nerve preparation moist
with Ringer solution. Label the tracing with the weights used.
Calculate the work done at each twitch and graph work
(ordinate) againstload (abscissa). Draw conclusions as 1o optimum
conditions for muscle work. .

The Effect of Strength of Stimulus.

(4) Connections as for load and length above. Lever gently touch-
ing the drum. s5-gm. weight on lever. Take the sccondary coil
well away from the primary—breaking the primary circuit will

NN
25 24 23 22 21 20 @ 1o
cms.
not now stimulate the nerve and cause the muscle to coniract.
Gradually diminish the distance between primary and secondary
coils until a “break” shock causes a small contraction. Move the
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secondary coil 0-5 cm. nearer, move the drum o:5 cm. round by
hand, break the primary circuit. Repeat until the maxinum
height of contraciion is obtained. Before this, howcver, the
““make’ shocks may have become cffective; the resulting contrac-
tions should be recorded about 1 mm. in front of *‘break.”

Explain these findings partly on physical grounds and partly on
“all or none’ law. Note that with induction coils provided with
rectifiers the secondary coil may nced to be pushed very near
before ““make’ twitches appear. Read Induction Coil in the
introduction, p. 16.

Effect of Temperature on the Course of Muscular Contraction.

(5) Put the drum contacts in the primary circuit. Speed—second
fastest possible. Take two iwitches (180° apart) as described
before (p. 30). Swing the writing point off the drum, pour Ringer
at 0° C. over the muscle. Replace the lever on the drumn and take
another tracing (i.e. two twilches) on top of the previous tracing
as soon as possible. Swing the lever off and pour Ringer at 30° C.
over the muscle; record other two twitches on top of the previous.
Compare the forms of the three twitches whic}l?l have the same
moment of stimulation.

Effact of Prolonged Exercise (Fatigue).

(6) Connect the drum in the primary circuit as before. Find a
position of the secondary coill which gives a “break” shock
sufficient 1o produce a good contraction of the muscle, but which
gives an ineffective “make” shock. (This condition is easily
attained with coils with rectifiers.) Slack off the clamping screw;
but keep the slot of the triangular base-piece of the pillar hard
against the clamping screw and move the whole frog board and
stand till the point of the lever is writing on the drum. Record
two twitches (180° apart) on the third fastest speed, Mark the
moments of stimulation. Open the shorting switch again and
swing the lever off the drum; start up the drum once more and
count twitches “g, 4, . .. 19, 20.” Swing the lever smartly back
into position so that the end of the slot is touching the clamping
screw and record 21, 22; swing off, count “23 . .. 40.” Record
41, 42, and so on until faligue 1s quite marked. In fresh prepara-
tions it may be better to record 1, 2; 51, 52; 101, 102, etc. When
the muscle-nerve preparation is completely fatigued stick the pin
electrodes into the muscle and stimulate again, Cut across the
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muscle with scissors and test the reaction of the muscle with
litmus paper. Draw deductions concerning latent period, con-
traction period, relaxation pcriod, amplitude of contraction.
Read about chemical and other changes in muscle in fatigue.

Rate of Pagsage of the Nervous Impulse.

(7) The nerve is stimulaied at a point close to_the muscle, and
then at a point as far away from it as possible. The latent pcriod
of the muscular contraction (i.e. the time elapsing from the stimu-
lation of the muscle itself till the beginning of the rise of the lever)
is the same in both cases; therefore any difference in the time elaps-
ing between the moment of stimulation and the rise of the lever
in the two cases will be due to the time taken for the nervous
impulse to pass down the nerve between the points stimulated.

Put the drum contacts in the primary circuit of the induction
coil; use C terminals (i.e. 4-volt accumulator). Place one pair of
pin electrodes on the nerve as near the muscle as possible, put
another pair as near the stump of the cord as possiblc; connect
one pair to the short-circuiting switch. Find a “break” induced
current which is sufficiently strong to produce a good contraction
of the muscle. Ifit is not easy to do this without a coniraction at
“make” appearing, then use a ‘““make” shock which produccs a
good contraction. (This difficulty will not arise with coils provided
with rectifiers.) The double humped curve obtained by the quick
succession of “make” and *“break’ shocks is no disadvantage in
this experiment, as we are interested only in the beginning of the
curve and not in its entire course.

Put the strikers on the drum 180° apart. Takc two records
(also 180° apart), on the fastest possible drum, of the course of
contraction of the muscle. Without making any other alteration
immediately connect the other pair of pin electrodes to the
shorting switch and take another two records. If a two-pole
change over switch is available then the centre pair of contacts
should be connected to the shorting switch and a pair of pin
electrodes connected to each of the outer pairs of contacts. The
second record will be superimposed on the first. Mark the moment
of stimulation on each record. Run a time-trace with the tuning-
fork. Measure the length of the nerve between the two pairs of
pin electrodes.

When the tracing is fixed measure the distance between two
curves which have the same moment of stimulation, express this
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in ¢ (sigma, thousandths of a second). Calculate the velocity of
the nervous impulse in metres per second.

Grenegis of Tetanus,
(8) Arrange the coil and drum for recording the course of con-
traction. Put the secondary coil at suck a distance that the muscle
contracts at ‘‘break” only. Bring the contact arms at the foot of
the vertical drum spindle to an angle of about 45°. Record the
two contractions near the lower edge of the drum. Bring the
contact arms nearer so that the second stimulus falls on the relaxa-
tion period, and in the next experiment on the contraclion period,
of the first twitch, Take two records of each. Lower the drum afier
each tracing is made so that three separate graphs are obtained,
Remove the wires from the drum terminals and connect them
to the mercury pool and to the terminal on the tetanus spring,
Set the spring in its clamp to mark 4, so that when the spring is
set vibrating (with the finger) the amalgamated wirc at its end
dips in and out of the mercury pool four times per sccond. Record
the effect of a series of “break?® stimuli at this ratc on the fastest
drum on the low gear. Set the spring vibrating, open the shopi.
circuiting switch, close it when about 2 in. of paper have been
covered. Repeat this to get a tracing for cach student. Set the
spring vibrating at 8 per sec., then at 16 per sec., and record as
before. Then finally—after disconnecting the ietanus spring—
change from C to I terminals, which give about 40 per sec. (or
Neef's haramer), and record the effect on the same drum.

Human Muscle RDwitch.

(8) The human ulnar nerve and flexor minimi digiti proprius
make a “preparation” very like the frog muscle-nerve preparation,
Prepare the apparatus as for the frog muscle experiments, and
follow the technique given there with the following modifications,
Clamp the special human muscle lever on the pillar instead of
the frog board, Clamp the base of the pillar to keep everything
as rigid as possible. Tie a weight (50-100 gm.) to the lever,
Attach one end of a long piece of cotton thread to the lever at the
hole farthest from the fulcrum, carry it over the pulley, then pass
the subject’s right little finger through a loop in the other end of
the cotton. The bare forearm and wrist are supported on a
wooden platform carrying a metal plate, covered with a cloth
soaked in saline, The plate is connected by a flex wire to one side
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of the shorting switch and forms an indifferent elcctrode. The
arm should be held in a position midway between supination and
pronation. It may be necessary for the experimenter to hold
down the subject’s wrist to prevent the action of the flexor carpi
ulnaris. A small electrode covered with chamois leather soaked in
saline is connected to the other side of the shorting switch. It is
placed by the experimenter over the ulnar nerve as it passes over
the groove on the posterior surface of the medial epicondyle of the
humerus. The subject holds this electrode in position with the
left hand. The current density below this electrode will be greater
than below the larger one. The smaller will, therefore, be the
stimulating electrode. When a record is obtained mark the
moment of stimulation as before. Run a time-trace.

Ifyou have a poor record of any frog muscle experiment, repeat
with this “preparation.”
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CHAPTER TWO
CIRCULATION IN THE FROG

Recording of the Cardiac Cycle in the Frog.

ApparaTUs required: frog board, pillar on adjustable base,
{rog hecart lcver, drum, needle and cotlon thread. Study the
anatomy of the heart as demonstrated by large plasticine models.
Have all the apparatus ready and the drum smoked before
beginning the experiment.

The frog is killed and divided into an upper and a lower
portion as described on p. 26.

(10) Pin the upper part down on the frog board ventral side up.
Pick up the abdominal wall with forceps and cut in the mid line

o

till the sternum is reached. Pick up the sternum with forceps, cut

on either side with scissors, keeping the points well up and pointing

slightly laterally. Cut through the shoulder girdle and cut through

the base of the flap containing the sternum. Moisten the heart with

Ringer. Usually the pericardium will be cut and it can easily be

pushed over the heart, Ifnot, pick up the pericardium, zof the heart,
50
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with the forceps and make a little snip with really sharp scissors,
and enlarge the incision in the pericardium from the apex to the
base of the heart.

Pin down the preparation firmly on the frog board (which has
been clamped on the pillar) so that the heart now exposed lies
directly below the clip which is hanging from the recording lever
clamped to the pillar. By pressing the upper pari of the clip the
jaws will open; release the pressure and allow the clip to grip the
extreme apex of the ventricle. The ventricle must not be gripped
between the forceps during this manceuvre or at any other time.
Ringer solution must be applicd at regular intervals to kecp the
surface moist. Use a glass pipette with a teat. If the heart is
allowed to dry, the surfacc sheen will disappear. This is a danger
signal.

& Gently raise the lever on the pillar tll the thread is just tight,
and cut through the fracnum. Tge thread should be vertical and

S

L | | i i |
TIME IN SECS.

Make a time-trace in seconds or half seconds. Only a preparation
carefully handled will show the waves well

sufficiently tight 1o give a good movement of the writing point;
the mean position of the writing lever must be horizontal, Use the
fastest drum speed on the low gear (surface speed one inch per
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second). Using the movablc base-piece of the pillar bring the
writing point of the lever lightly against the drum. Screw up or
down the adjustable fect of the drum so that the point of the
writing lever moves in a plane parallel to the drum face. 1f the
movements are too small then the thread holding the heart clip
may be tied to the lever ai a point nearer the fulcrum.

Observe the order of contraction of the various chambers
of the heart and label the corresponding waves on the iracing.
This will be most easily accomplished if one partner watches the
heart and calls out “auricle’’ and “ventricle” when the chambers
are scen to contract; the other pariner observes the tracing as it
is being written out and labels the waves accordingly.

Note that the tracing is the algebraic summation of all the
coniractions, so that it may happen that if one chamber is con-
tracting while another is relaxing then the lever may remain
stationary.

Effect of Adrenaline and Acetylcholine on the Heart.

(11) Use a slower drum speed than used in the previous experi-
ment—low gear and medium pulley 1o medium (} in. per scc.).
Without stopping the drum drop a small amount of a freshly
prepared solution of acetylcholine (A.Ch.) in frog Ringer over
the heart. When an effect has been obtaincd immediatcly wash
off the A.Ch. with ordinary Ringer. A similar effect can be
abtained by using o-1 per cent. eserine sulphatc; wash with ordi-
nary Ringer. When two traces have been obtained demonstrate
the antagonism of A.Ch. and atropine thus. With the drum run-
ning drop on the heart the quantity of A.Ch. which you now know
causcs a fairly rapid slowing; then, when the heart is brought to
a standstill, immediately drop on the atropine sulphate solution.
Atropine once applied cannot readily be washed oul of the tissues.
Try the effect of A.Ch. again. Find the effect the solution of
adrenaline provided. Mark the time of application and of removal

of the drugs by means of short vertical strokes placed immediately
below the trace.

Initiation of Confraction. (Stanmius Ligatures Experiment.)

(12) Drum speed about } in. per sec. While the heart is suspended
vertically pass a thread by means of a needle or a fine forceps
between the aortac (nearer the head) and the veins (caudad).
Tie the first part of a reef-knot loosely over the line dividing sinus
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from auricles (the crescent). Tie a similar loose knot around the
vertical thread to the recording lever, and slide it down till it lics
just below the shoulder of the ventricle, Adjust the position of the
lever so that a good record is obtained without stretching the heari.
Record a few contractions; with the drum still running tighten
the first ligature to separate the sinus from the auricles. See that
the knot lies actually on the crescent, and does not mcrely separate
veins from sinus. The heart will stop beating. After, say, 10 or
15 seconds tighten the second ligature, without disturbing the
recording lever, so as to separate the auricles from the ventricle.
The ventricle should begin beating slowly at once or afier a few
minutes’ delay.

Normal Secs
T T T T T I T T I T 7 T T I T ¥y T T T T T T T I T T T T T T T T

Discuss the initiation of contraction, pacemaker, heart block,
the differences in fundamental or natural rate of contraction of
various parts of the heart, and the effect of the drugs uscd.

The Nerve Supply and Control of the Heart.

(13) In the frog the origin of the accelerator and vagal fibres is
probably in the medulla. The vagal and sympathetic nerves join
to form one nerve which passes to the heart and enters it at the
white crescentic line between the sinus and the auricles.

Connect the primary terminals of the induction coil to the
I terminals (or Neef’s hammer), put a shorting swilch across the
secon}(ilary terminals, and connect the pin electrodes across the
switch.

Pith the frog and suspend the heart as before. Pass a fine
forceps between the aortae and the venae cavae from one side to
the other, grasp a narrow piece of tin-foil and pull it back between
the vessels. Cover the liver with a piece of waxed paper, and keep
this in position by pushing the fixing pins of the pin electrodes
through the paper into the frog board. Twist the free end of the
piece of tin-foil round one of the pin electrodes. Twist another
piece of tin-foil round the other pin electrode and lay its free end
on the crescent; it must not touch the frog except at the crescent.
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The current induced in the secondary circuit will thus pass through
the sinoauricular junction, and so stimulate the nerve fibres there.

Record first of all normal contractions on a fairly slow drum
(# in. per sec.); then while the drumn is running stimulate the
crescent with varying strengths of current beginning with a very
weak one and record the effect. Always mark the beginning and
end of stimulation with little vertical strokes placed immediately
below the trace at the time of opening and closing the sccondary
shorting switch., It will usually be found that a fairly sirong
curtent is necessary to produce an effect on the rate or amplitude.
It is important to increase the strength slowly, as too powerful a
current may resull in a prolonged inhibition of the heart. As the
fibres affected by the current may be sympathetic, vagal, or both,
the effect obtained may vary considerably. Ifthe effect is accelera-
tion, put on the heart one drop of 0:05 per cent. ergotoxine, which
paralyses motor sympathetic nerves. Stimulate the crescent again
and record the effect. If the original effect is slowing, then put on
the heart one drop of 0-05 per cent. atropinc sulphate and stimu-
late once more. The drugs will be supplicd made up in frog-
Ringer. Keep the heart moist with Ringer’s solution during the
course of the experiment, but do not apply it to the heart im-
mediately after putting on ergotoxine or atropine, as the drug may
be washed out of the tissues.

The Effect of Temperature on the Frog Heart.

(14) Wash the heart with Ringer to get rid of the drugs as far
as possible. Take a record of the contractions and note the room
temperature. Repeat this after the application of Ringer’s
solution at 0° C., at room temperature, and at 30° C. (not higher).
Note the changes and try to account for them.

Refractory Period of Cardiac Muscle.

(15) Expose the heart and suspend it in the usual way; make
records on the fastest drum on the low gear (peripheral speed
I in. per sec.). Connect a signal (i.e. a time-marker) to the C
terminals (accumulator) and adjust its height so that it writes
about a quarter of an inch below the heart trace but in the same
vertical line as the wriling point of the heart lever. Loop one piece
of tin-foil round the base of the ventricle and attach another to
the metal heart clip on the apex. Attach the free ends of the pieces
of tin-foil to the pin electrodes. Connect the primary coil of the
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induction coil to the C terminals (accumulator). Find the position
of the secondary coil which produces a “break’ shock just suflicient
io cause a ventricular contraction during diastole. Now watch
ithe tracing closely while holding the primary switch. When the
heart is beating regularly send in an impulse during ventricular
systole, then a few beats later during early diastole, then in late
diastole. The exact moment of sending in * make* and *“ break *
shocks will be recorded by the signal by a down stroke and an up
stroke respectively. There is a compensatory pause after each extra-
systolc. Run a time-trace and measure the various time intervals.
Measure the time from the beat before an extrasystole to the beat
after it, and compare with the time between one spontaneous beat
and the second beat after it. Find, if possible, what happens to
the auricular wave during the compensatory pause. Is the clec-
trical stimulus effective in early ventricular systole?

Latent Period in Cardiac Muscle.

(16) Continue with the same preparalion as above. Remove the
tin-foil temporarily and tie the first Stannius ligature to bring the
heart to a standstill. Stimulate the ventricle by scratching it
gently with a needle. The scratching will pull down the lever a
little and so mark the moment of stimulation. Run a time-trace
and measure the latent period in several experiments.

(17) Replace the tin-foil exactly as in the previous experiment;
connect the primary coil to the C terminals (accumulator) and send
in single shocks by opening and closing the switch. The signal will
indicate the moment of sending in the shock. Measure the latent
period again.

First

) Seratch Scratch
9 " ; Rupid Series of Stimuli
amVanesaeas
Secs
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(18) N ow connect the coil to the I terminals (Neef’s hammer) to
send in a rapid series of induced currents. Compare the record

with that obtained under similar circumstances from the frog’s
gastrocnemius.

All-or-nothing Law.

(19) Change back to the C terminals (disconnect Neef’s hammer).
Put the lever very lightly against a stationary drum. Send in a
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single “ break * shock. If this is effcctive in making the heart con-
tract take the secondary coil 1 cm. farther away from the primary,
move the drum round a litlle by hand, wait 15 seconds, and then
send in another “break’ shock. At intervals of 15 seconds send
in progressively weaker shocks, recording the results till no effect
is obtained. Discuss the relationship between strength of stimulus

and response and compare with the similar experiment on skeletal
muscle,

The Automatic Action of the Frog’s Heart.

(20) Remove the heart clip. Count the heart rate in beats per
minute. Cut the heart out of the body, keeping the scissors well
away from the bulbus and sinus but avoiding the gall-bladder.
Put it in a watch-glass containing Ringer’s solution. Note the
sequence of contraction of the various parts of the heart, and again
count the heart rate. Cut through the sinoauricular junction,
count the rate of the sinus contractions and compare with that of
the remainder of the heart. Cut through the auriculoventricular
junction just above the auriculoventricular groove and report
on the behaviour of the various parts. Scparate the lower iwo-
thirds of the ventricle. Report on its behaviour and the cffect of
stimulation, both electrical and mechanical.

PERFUSION OF FROG’S BLOOD VESSELS

(21) Use Marriotte’s flask connected by rubber tubing to a
special cannula. Fill the Marriotte’s flask with frog-Ringer
solution after clamping the rubber tubing. Insert the stopper
carrying the central glass tube.

Kill a frog and crush the head. Pin it down on the shovel-
shaped board. Expose the heart by removing the sternum. Pass
a thread under one of the aortae and tie very loosely the first
half of a reef-knot. Slack off the clamp on the rubber tubing,
and after clearing out all air bubbles adjust it so that there is a
very slow drip from the cannula. Test your scissors to see that
they cut to the very point. If so make a cut somewhat obliquely
into the aorta, cutting it about half way through. Insert the
cannula into this incision and push it down into the distal end of
the aorta and tie the ligature firmly. Tie a ligature round the
other aorla and make a cut into the venous end of the heart.
Raise the Marriotte’s flask to aboutl 40 cm. above the cannula.
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The perfusion fluid will begin to drip off the fropg board. The
rate of flow may be recorded either by counting thc number of
drops falling per half minute or by collecling them in a measuring
cylinder and noting the level at minute or half-minute inicrvals
throughout the experiment. The perfusion pressurc will be kept
constani by the Marriotte’s {lask in spite of the fall of the level of
(luid within. Why?

The effect of adrenaline 1:10% or acetylcholine 1:10% can be
shown by perfusing them instead of the normal Ringer; or small
quantities of more concentrated solutions (1 c.c. of 1:10°) can be
injected by means of a syringe through the rubber tubing just
above the cannula. Afier perfusing a drug perfuse with Ringer’s
solution for some time to get back if possible to the original ratc of
flow. Find the effect of injecting 1 c.c. of 0-5 per cent. sodium
nitrite, As the experiment proceeds fluid will escape from the
blood vessels into the tissues which will become swollen and
tense, i.e. oedematous. The perfusion rate will become less and
less and the preparation will become uselcss for the demonstration
of the action of the drugs.

If the preparation is still in good condition pith the animal and
note if this produces any difference in flow. Has adrenaline any
effect now?

Describe the action of the various drugs and say whether (heir
action is local or central. What is the cause of the ocdema, and
why does it slow up the flow?
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CHAPTER THRELR
SMOOTH MUSCLE

Contraction of Visceral Muscle in the Frog.
(22) KirL and decerebrate a frog but do not pith it. Fix it belly
up to the frog board by pinning down the arms and by pushing a
pin through or just above the symphysis pubis, but put no pins in
the legs as thesc may be used later for muscle-ncrve preparations.
Make a mid-line incision in the abdominal wall and cut
through the rectum at its junction with the small intestine, and
attach the clip of a frog heart lever to the cut end of the rectum so
that its movements may be rccorded. Drive the drum from ihe
shafting itself to the largest pulley on the low gear so as 1o obtain
the slowest possible drum. As thc movements of the rectum arc
very slow indeed they may not be at all obvious unless they are

TH\. I:‘ccha nical Sliniululion
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rccorded. If the record is a straight line at first it is wise to con-
tinue recording for five minutes, when it may show waves. Tap
the bench lightly at short intervals so that the friction at the
point of the lever is diminished. Keep the rectum moist with
Ringer. If no movements are obtained pour warm Ringer over
the rectum. Without disturbing the apparatus pith the [rog and
continue to record the rectal movements.

Place two loops of tin-foil around the gut about 1 cm. apart,
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and connecl them 1o pin elecirodes. Try to stimulate the smooth
muscle of the rectum by connecting the pin clectrodes to the
G terminals for 1 second. Then stimulatie mechanically by pinch-
ing with forceps. Try 1o tetanise the muscle by a rapid series of
induced currents. Apply a drop of adrenaline (I in 1000) Lo the
rectum with a glass rod. Then similarly apply a drop of 2 per cent.
barium chloride solution.

(28) Cut through the small intestine at its junction with the
stomach and attach the heart clip io the pyloric end of the
stomach. The oesophageal end is fairly well fixed to the tissucs of
the frog. Keep the stomach moist with warm Ringer solution at,
say, 28° C. Observe the peristaltic waves. Draw deductions
concerning the rate of movement, latent period, effect of rapid
series of stimuli, effect of drugs on smooth muscle. Compare with
cardiac and skeletal muscle when you have done the corresponding
experiments.

Effect of Adrenaline on the Frog’s Eye.

(24) Split a frog’s head so as to divide it into two portions cach
containing an eye. Put one eyc into a walch-glass coniaining
ordinary Ringer, the other into a walch-glass containing Ringer
with a drop of adrenaline (1 in 1000). Put both into the cupboard,
After 10 minutes note any diffcrence in the pupils.

(®5) This experiment may be repeated, using fresh cyes and solu-
tions of 1 per cent. eserine and 1 per cent. atropine.

MAMMALIAN INTESTINAL MUSCLE IN VITRO

(26) The apparatus consists of a ceniral vessel of 100 c.c. capacity
with an outlet at its lower end for draining off the fluid. The
central vessel is enclosed in a large beaker of water which is kept
at 37° C. by means of a small gas {lame, or better by an adjustable
carbon filament electric lamp. A hollow glass tube fitted with a
hook at its lower end is clamped to a pillar by a boss head so that
it can be lowered into the central vessel. The pillar also carries a
balanced lever with a swivel writing point giving a magnification
of about three or four times.

Fill the central vessel with mammalian Ringer solution at
37° C. and the outer vessel with water from the tap at 37° C.
See that the temperature of the inner vessel is maintained at 7° C.
by varying the size of the flame or the position of the heating
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lamp. Raise the hooked glass tube out of the central vessel. 1lave
ready a Peiri dish with warm Ringer and a threaded needle.

The rabbit will be killed. All the following procedurcs must
be carried out with the greatest delicacy to avoid stretching the
gut. Remove very gently portions of jejunuim, minus mesentery,
Syringe gently with Ringer solution through the picces to remove
the intestinal contents and at once place in Ringer solution. Cut
off a piece of gut about 1 in. long and pass a threaded necdle
through all the coats near one end from the inside o the outside,
make a short loop. Pass another thread through the other end,
tie and leave about 6 in. of thread. In tying the threads do not
close off the lumen of the gut. Pass the loop over the hook and
lower the tube down into the warm Ringer; lower the lever to a
suitable position and fasten the long thread to the lever by pressing
it into a small lump of plasticine. Adjust the weight (a picce of
plasticine) on the lever so that the gut is just siretched. Sce that
the gut is completely immersed. Adtach the air supply pipe to the
hollow tube and adjust the screw clamp till about three bubbles
per second pass through the fluid. This aerates and stivs the (luid.

Record the movements on a slowly moving drum. [1 may be
necessary 1o wait a fcw minutcs for the movements to become
fairly regular. Keep the temperature at 34° C. and sec that the
aeration is maintained. In the mcantime keep a supply of fresh
Ringer in a bottle at 37° C. by immersing the bottle in a basin of
warm water.

While the lever is recording add to the bath 1 c.c. of 1:100,000
adrenaline solution by means of a 1-c.c. pipctte. Make a mark
below the record at the time of adding the solution. The concen-
tration in the bath will be 1 in 10”. When an effect is obtained
drain off the Ringer and immediately replace with fresh warm
Ringer. If the dose of adrenaline is insufficient to produce an
effect make up a 1 in 10,000 solution and add small quantities of
this to the bath. Not more than 1 c.c. of a solution of a drug
should be added to the bath at any time 1o avoid sudden changes
of temperature.

When the gut is contracting rhythmically once more add
Acetylcholine (A.Ch.) to give a concentration of 1 in 10%. If an
effect is oblained, drain off the Ringer and replace once more.

These observations should be repeated to give a trace for each
partner. Then add (o the bath a dose of A.Ch., which produces a
well-marked contraction. When this has reached its peak add to
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the bath 1 c.c. 1:10% atropine sulphate. This cxperiment will have
to be repeated on a fresh picce of gut as the action of atropine is
very prolonged.
Observe the effect on the contractions of magnesium sulphate.
What is the cause of the intestinal movements? How are they
controlled? Discuss the reasons for keeping the temperature at
37° C. and using mammalian Ringer solution.

THE MOVEMENTS OF THE UTERUS IN VITRO

(27) These movements can be recorded exactly as described for
the gut. The virgin guinea-pig uterus is used to compare solutions
containing an upknown quantily of oxytocin with standard
solutions—a biological assay.

The procedure is as with gut, but since the movements are very
slow it will be necessary 1o introduce an external reduction gear
so that the drum travels about quartier of an inch per minute.
The virgin guinea-pig uterus is quiescent at the beginning of an
cxperiment and shows the action of posterior pituitary extract
well (0-08 unit added to the bath). Study also the action of adren-
aline and histamine on this preparation. If virgin guinca-pigs arc
not available, stock animals will usually give very active utcri.
The amplitude is less if a half horn instead of a wholc horn is used.
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CHAPTER FOUR
THE CENTRAIL NERVOUS SYSTEM

Reflox Action in the Frog.

(28) (1) Study the behaviour of the intact frog and ils response
to stimulation of various kinds. Note how it rights itself after having
been placed on its back. Observe respiration.

(2) Remove the hemispheres preferably by crushing the head
up to a line running just behind the eyes. After the shock of the
operation has passed off examine the frog’s behaviour once more.
Do respiratory movements continue? If very active this prepara-
tion may swim in a basin of watcr. Place the frog on a rough
board or on the frog board, iilt the board, the frog will slowly
move up.

(3) Wrap the frog in a duster and hold it belly upwards.
Open its mouth. There is a small triangular clevation on the
roof of the mouth between the eye and the tympanic membranc.
To destroy the semi-circular canals insert the closed blades of a
fine scissors about 2 mm. deep into this elevation, open the blades
a little and turn them round about two or threc times. Observe
the behaviour with the canals destroyed on one side.

(4) Decerebrate the frog by cutting off the head behind the
tympanic membranes and proceed to the ncxt experiments.
AfRer the shock has passed off describe the attitude and behaviour
of the spinal frog. Pin it up by the lower jaw to the edge of the
frog board so that the legs are about 5 inches above the bench.
Observe the position of the legs. Apply a small piece (} in. X} in.)
of blotting-paper soaked in 10 per cent., acetic acid to the flank
of the frog. Note how the irritating object is removed by co-
ordinated movements of the limbs.

(5) Pinch one toe gently with fine forceps, then morc and more
forcibly. Observe the extent of the response, also the spread and
duration of the responsc.

(6) Raise the frog’s foot with the end of a pencil. Some frogs
show a thrust reflex.
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(7) Tiirck’s time of reflex action. Have ready three jars:
a, plain waicr; b, weak acid (o'5 per cent. sulpluwic acid);
¢, stronger acid (1 per cent. sulphuric acid). Hold jar & so (hat
the acid covers the frog’s legs to just over the knees, Count scconds,
0, I, 2, 3, etc., Lill reflex action is clicited. Then wash off acid
with 4. Similarly try the effect of ¢, counting the time as before.
Wash off with a.

(8) Connect up the induction coil to the C terminals (accumu-
lator). Push the pin electrodes through the skin of a foot. Very
slowly (once in four seconds, say) move up and down the swiich
on the terminal board to elicit rcflex withdrawal. Move the sccon-
dary coil away from the primary till the stimulus is just too weak
to elicit reflex action. (Distinguish carefully reflex withdrawal
from any local contraction of the muscles of the foot due to direct
stimulation.) This is a subminimal stimulus. Changc over to the
I terminals (or Neef’s hammer) and send in a serics of subminimal
stimuli. Describe the effect.

(9) Make a longitudinal incision in ihe skin on the back of the
thigh by clipping off a piece of skin held up in a forceps. With a
glass rod moistened with Ringer solution scparate the two groups
of muscles (flexors and extensors) and raisc the sciatic nerve.
Pass a cotton thread under the nerve without lying so thal it can
be raised to pass pin clectrodes under the nerve later. Push the
pin electrodes into the foot, connect the coil to I terminals (Neef’s
hammer) and send in a series of strong induced currents until the
withdrawal reflex is fatigued. Reduce the strength of the induced
current by moving the secondary coil about 10 cm. farther from
the primary coil. Quickly insert the electrodes under the sciatic
nerve. There will be an immediate muscular response. The
fatigue does not appear to be resident in the outgoing nerve, and
by analogy not in the ingoing nerve to the cord. Suggest possible
sites and causes of the fatigue.

(10) Irradiation of reflexes has already been noted (5). With
strong scissors cut across the spinal cord below the level of en-
trance of the nerves to the fore limbs—i.e. on a line joining the
posterior (caudal) borders of the fore limbs. Pinch the fore limbs
vigorously and then the legs. How do the responscs differ from
those previously obtained? Give reasons for this.

(11) Take the frog’s limbs gently between the fingers and
try 1o estimate the tone of the muscles. Pith the [rog and note the
difference in tone. Is it possible to elicit any reflexes?
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Experiments on the Human Subject.

From this point onwards many of the experiments will be performed on the
human subject.

As a clinical investigation is really in the naturc of an experiment on the
hurman subject it would be well for the siudent to adopt from the beginning in
the physiological laboratory the proper mental attitude to his subject or paticnt.

Ignorance of some of the psychological considerations noted below is ofien
shown by students both in the laboratory and in the ward.

Many aciivities of the lower levels of the central nervous system can easily
be modified consciously. For example, when testing spinal rcflexes the subject
must be kept at his easc both mentally and physically, and his attention should
be direcied away from the part under investigation.

We are accustomed, normally, to take in information from several senses—
cyes, ears, skin, etc. When investigaling any one sense it is the duty of the
cxperimenter to see that the subject does not consciously, or unconsciously,
obtain information from other sources. In other words, the observer must sec
that the subject does not “cheat.”

The subject must be given precise and simple instructions. Patients have
no knowledge of physiological terminology. It is merely stupid to tell a patient
{or the subject) 1o “focus on a near object.” The best way is to hold a finger in
front of his face and to give the simple direct ingtruction, ““Look at my linger.”

These are important points in both physiological and clinical investigations,
In addition it is to be remembered always that the patlient is a fellow human
being and not an experimental animal, and that if he i3 persuaded to come
before the class so that