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PRETACE

Laboratory work has come to have a very important place
in the teaching of any branch of solence. The value of labor-
atory work in physics and chemistry has long been recognized
and no one would attempt the teaching of either of these Bub-
jects without ample provision having first been made to secure
materials-and apparatus necessary for laboratory experiments to
4illustrate andjput into practice the fundamental facts and prin-
ciples emphasized in class-room brocedure. "We learn by’doing.“
Demonstrationsvbyﬁthe instructor are not ample. The student
must conduct an experiment for himself to learn its importance
and see its implications.

It is very important that practical work on a givgn‘sub—
ject be going on at the same time it is being presented in- the
lectures. It is the cross-reference from lecture-room to lab-
oratory and from laboratory to lecture-room that makes learn-
ing interesting and subject matter vital. It is the multiple
sensory avenues of approach utilized by first studying about a
phenomenon, then having its intricacies explained, and last of
all working with that same object or prineiple and discovering
new facts abqut it for oneself that makes the educative process

natural, fruitful and easy.
H. M. R



INTRODUGTION
The Purpose of the Study

- A modern laboratory manual in elenmentary general physio@pgy
is at present not to be found, so this book was planned to meet
the need for-a.neW~presentation. It is not based on a single
book, but may be.uaed=with‘any standard text. It was written as
an attempt to meet the rapidly growing need for a group of simple,
comprehensive laboratory:exeroises illustrating the basic phy-

slological characteristics common to all life,

| The Problem
The problem was a two-fold one, nﬁmely: one of what to in-

clude, and one of how to include it. Since physiologists are- re-
markably well agreed as to what constitutes the field of General
Physiology, the task resolved itself into one of selecting a
group of exercises from hundreds suggested in various textbpoks,
properly organizing them, and then presenting them in simple
terms. All experiments were rejected which required elaborate

equipment or expensive chemicals,

Method of Procedure
- A survey was made of the available textbooks on General
Physiology to ascertain the scope of material included, in order
that the objectives of the course be clearly and adequately form-
ulated. Agreement of authority with authority plus agreement
with the prevailing philosophy of education was the primary cri-

terion employed in selecting the major Aivisions (or sections a8
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they are herein ealled)l. The next logical step was to obtain
experiments, under each section heading, the solving of which
would enable the student to vividly comprehend the principles
involved in the specific objectives of the course. Some of the

experiments havg been presented again and again by numerous

authors. Others are presented here for the Tirst time.

‘The Contribution

- The writer's chief contribution is one of improved tech-
nique in the laboratory presentation of known physiplogical
principles, plus originality in the organization and sequence
of phe work.

| - Hach experiment has been carefully worked out under actual
lébofatofy‘conditions. Only those have been retained that. will
con51stently and accurately illustrate what they purport to

1llustrate.

Previous Works
The writer has been greatly aided in this study by the sug-
gestions and experiments of the following authors: W.M. Bayliss

(1914) in his Principles of General Physiology has organized a

veritable compendium of physiological experiments. His influence
is clearly shown in the work of all modern physiologists and to
him the writer gives due credit. Henry R. Barrows (1951) in his

laboratory manual entitled, Biologioal Types and Principles has

lehe section headings represent the intermediate objectives of
the course, but as this thesis is not written as is typical of
the form and terminology of the usual curriculum study, they are
not worded as such.
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- presented an excellent group of experiments on "The Physical and

Chemical Nature of Protoplasm". Cleveland Pendleton Hickman

(1930) in his Laboratory Manual in College Physiology has included
some very good experiments which are general in nature. G. W.

Scarth and F. E. Lloyd (1930) in An Elementary Course in General

Physiology, Section II, have prepared a group‘qf experiments.tp
supplement their text. W. D. Zoethout (1928) in his Laboratory

Experiments in Physiology has a group of experiments quite val.

uabié‘fbr the medical student orkspecial student of physiology.

Problems for Further Study -

The writér makes‘no ¢claim for fihality in thié study.. Any
curriculum must needs be tentative, flexible, and provide for
assimilation and growth. With the exception of the fact that. .
certain portions of electrical experimentation have been neces-
sarily dmittedz, the field of general phyéiology has been rather
thoroughly covered. Additional experiménts may be added under
each section heading as further experience deems so doing ad-

visable.

2Lack of time and equipment has made it impossible to inzlude
experiments on H-ion concentration, bioelectric currents, use
of potentiometer, etc.



TO THE INSTRUCTOR

This manual includes sufficient material for one semester
(18 weeks) with laboratory classes meeting double periods twice
a week., Elementary courses of physics, chemistry and biology
are highly desirable, as prerequisites, but not absolutely ine
dispensable.

A laboratory period on the use and care of the micréscopel
is desirable and necessary with most classes.

The instructor must keep at least a week ahead of the elass
schedule in order that certain supplies be available when needed.
Lists of references are found at the close of each group of éxe
periments, with at least one reference to the exac¢t page and
book in which information on a given experiment may be obtained.
General references in which information on the entire saotion
may be found, are also given. A blank sheet entitled "Additional
References" is also found at the close of eash group. On this
the instructor may note any additional references he may find,
or pertinent information in new books which become available
from time to time.

Seetion VII is highly valuable in its content and applica-
tion, but may be omitted if laboratory faeilities do not permit.

Complete lists of the equipment, material, and chemicals

required will be found in the appendix.

lrhe Bausoh and Lomb Optiecal Company, Rochester, New York; pude
ligh a little booklet Use and Care of the Microsoope which pre-
sents in a comprehensive way the necessary in ormagron.




TO THE STUDENT

The experiments ﬁhich follow may seem quite simple in some
instances; "but like the traditional falling apple, they have
provided thought for great minds". In most cases results are
so ‘evideéent, ‘when instructions are‘cafefully followed, that no
aid from:-the instructor will be required.
-1 -Sketch or draw what you actually see. Report what you find
out to-be the ease; not what your neighbor finds out. You may be
as near right as he. The concentrations have been carefully worked
out. A drop more than the amount stipulated may ruin the result
in delicate tests. Use the smallest amount possible at all times.
When neutralizing strong acids add the base gradually with a drop-
per, Test often with litmus paper and thus avoid unnecessary dil-
utions. Careful handling of materials will prevent ruined elothes
and burned fingers. Some solutions that "bump" badly eannot be
boiled in test tubes. Most sugar solutions must be boiled in
beakers if continued boiling is necessary. XKeep the mouth of
test tubes, in which liquids are being heated, direected away from
your face, and your neighbor's face. Read the entire experiment
before starting on any part of it. Reread if it is long or com-
plicated. This is your creed. Read it and then review it occa-
sionally.

Dry substances in powdered form will not pour successfully.
The usual result when attempting to pour one of these materials
on a filter paper, into a test tube or elsewhere is to get a
pound when a gram is called for, Use a small spatula when en-
deavoring to place small amounts of chemicals in powder form into

test tubes, or on the balances for welghing.



Use distilled water, whenever possible, unless otherwise
specified, This will prevent evaporation rings in test tubes,
beakers, etc., when continued boiling is done, and greatly faeil-
itate washing., Keep your test tubes and all equipment clean.
Care and orderliness in procedure and with materials, pays huge
dividends in immediate results and in an establishment of correat
habits of laboratory technique which if in no other way will find

its reward in the "satisfaction of serious effort".






Protoplasm, "the physical basis of ) :
1ife" as Huxley termed it, is a stuff,wblch
everywhere has similar propeytigs. It is
more than a stuff, however; it is also an
organized mechanism. What thg least organ-
ization compatible with vitality is we do
not know. t at least can exist on a very
small scale™.... o gt o

Although the cell is not an-invaria-
ble unit in the differentiation of proto-
plasm, it is a very important one in that
it is the smallest subdivision of a larger
living body which is capable of indepen-
dent existence. BEven in the most indivi-
dualistic organisms, that is, the higher
animals, where the parts are so interde-
pendent that a tap on the head, for exam-
ple, may result in the disintegration of
the whole protoplasmic system, the cells
are capable of independent existence
apart from the body if a suitable environ-
ment is provided, as shown by their inde-
finite growth in tissue cultures. The
distinet parts of a cell, on the contrary,
cannot continue to live except in combin-
ation with the rest, The irreducible or-
ganization of protoplasm as we generally
know it is therefore the minimum organi-
zation of a nucleated cell.”

1G. W. Searth and F. ®. Lloyd. An Elementarz
Course in General Physiology, p. 7.

2Ivid., p. 8.




. CELLS AND PROTOPLASM
1. Epithelial cells. Gently scrape the inside of the cheek

with a sterilized instrument, as directed by the instructor.
Transfer the material obtained to a clean slide, and mount in
weak methylene blue solution. Preparé another slide and mount
in eosin or some other cytoplasm stain. The cells obtained are
flat epithelial cells; each includes an outer cell membrane, a
cytoplasm,‘and a nucleus., Sketch a few isolated cells, labelling
cell membrane, cytoplasm, and nucleus.
Materials needed:

1. methylene blue

2. eosin

2. Blood cells. Examine a prepared slide of the blood of
a frog. The most numerous cells are the red corpuscles. The cy-
toplasm of these cells contains a protein called hemoglobin,
which enables the blood to transport a large amount of oxygen.
Sketch a few célls and label the parts as in Exp. 1.
Materialé héeded:

1. prepared slides (blood of frog)

3. Liver cells. Pinch off a bit of fresh liver and mount

in a drop of water. How do these cells compare with those ob-
gserved in Exps. 1 and 2? Sketch several cells. Label the parts.

Materials needed:

1, fresh liver



4. Plant epidermis., Carefully peel off a portion of the

delicate transparent outer covering (epidermis) from the upper
surface of a leaf, and mount in water. Hxamine under high power.
Compare these cells with those studied in the previous exercises.
How do .they differ in shape? Note the vacuoles in some of the
cells., Sketch several adjaéent cells,

Materials needed:

s 1l,.green leaves (cottonwood or some other leaf with a hard

‘surface )

9« -Chromatin. Examine slides of Allium furnished by the
instruetor. These cells have been stained with special dyes to
show the chromatin. Sketch several cells, 1abél cell wall, ey.
toplasm, nucleus, and chromatin.

Materials needed:

1, slides of Allium

'6. Protoplasm movement. Examine under low power a leaf of

the water plant Elodea. The cells are alive. Besldes the struc-
tures already noted in other cells, observe the chloroplasts
(green bodies whose color is due to chlorophyll). Observe for a
few minutes. Can you detect any movement of the protoplasm in
these cells? Is the movement in the same direction in all cells?
Is it constant and regular, or not? Do any of the chloroplasts
pass through the walls between adjacent cells? Draw several
adjacent cells and indicate by arrows the protoplasm movement.
Materials needed:

l, leaves of Elodes
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7. Ameba. Prepare a slide and examine for ameba as directed.
An activa ameba is 8 nake& mass of semi-transparent, granular
protoplasm. How does the animal move? (The projections formed
on the cell are oalled pseudopodia-ufalse feet.) Are pseudopodia
produced in different directlons at the same time? What are the
functions of these structures?

" Ameba is a @ne-celled animal 'ﬁfﬁtinguish the trénSparent
outer layer of protoplasm (ectoplasm) from the inne‘r,'granuia‘r
part (endoplasm); Iéythis a permanent differentiation? Does
the ameba have a nucleus? Examine a stained demonstration slide
if necessary. ' ‘

Try to locate the fransparent spherical contractile vacuole
and note that it seems to close at intervals. What do you think
is its function? TFood vacuoles are spherical masses contalning
food particles ahd a liquid.. What ia the function of the liquid?

o Can you detect any movement of protoplaam in the ecell® CQCan
you find any evidence of reactions to stimnli? Do changes in
the intensity of light have any effeot? Make two sketches:

(L) series of outlines showing changes'of shape, (2) detail draw-
ing showing all significant parts.
Materials needed:

1. culture of ameba

2, stained demonstration slide of ameba



Experiment 1.

Experiment 2.

Experiment 3.

Experiment 4.

Experiment 5,

Experiment 6,

Experiment 7.

Scarth, G. W.,
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Organisms are made up of microsco-
pic cells, cells of various lesser paris,
and these again of ultramierescopic or in-
visible colloidal particles. Bach sub-
division involves greater surface. If we
estimate that the particles have a mean
diameter of 5 uu and that altogether they
total one-fifth of the volume of our bo-
dies, each of us containgiabout 30,000
square meters of internal surface. This
faect is of importancerbecause; free energy
resides at interface, energy which dis-
plays itself among other ways in those
active movements and in that catalysis of
chemical reactions which are among the
most characteristic features of life. 'The
operation of surface forces appears as two
main types of physical phenomena--Surface
Tension and Adsorption--which are now to
be studied in turn.

6. W. Scarth and ¥. 3. Lloyd. An Element
Course in General Physiology, p,~r8§~3EEE~§£Z
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- 'SURFACE ACTION
1. Surface tension. Fill a shallow dish with water. With

clean fingers lower a clean dry needle flat upon the surface of
the water. How do you account for the "floating" of the needle?
(Examine the surface 'of the water where the needle is supported.)
Toush the surface of the water about half an inch from the needle
with a toothpiek wet with aleohol. Can you account for the re-
silts? |
Materials needed:
"1, needles (common sewing needles)
2. toothpicks
3, alecohol

2. Surface tension at interfaces. Fill a shallow dish with

water and place a drop of oil on the water. Can you account for
‘the spréading‘of the 0il? Now place a thin layer of oil in the
dish and put a"a?prof wéter on it. How does the spreading of
the wat%rfﬁompare,ﬁith’that of the 0il? ' Is there any difference
between the surface tension of water and that of 0112

Materials needed:

1. lubricating oil

3. Drop method of measuring surfaﬁe'tension. Under proper
conditions the weight of a drop which will just remain suspended
from the end of a glass tip can be used to determine the surface
tension of a liquid. The drop weight can be determined by the

number of drops that fall from a known amount of ligquid.



12

Fill the pipette furnished you with tap water up to a cer«

tain marked level and allow the liquid to run out so that drops

fall slowly and regularly from the tip. Count the drops and re-

peat several times until a consistent average is obtained. Re-

peat with olive oil and 50% alcohol. How does the surface tension

of these compare with that of water?.

v, Repeat with strong solutions @f different salts and of sugar.

What is:the effect .of dissolved inorganie substances on surfase

tension? . Of sugar? -

Materials needed:

1.
2.
3,
4.
L
Note:

4.

- olive o0il
50% alcohol
calcium chloride
sugar (sucrose)
salt |
Do‘not use distilled water for surface tension experimehts.'
If it be wished to obtain a measurement of the absolute
surface tension at a water-air interface it is best to use
tap water, since this is less likely than distilled water

is to contain greasy matter, which has a powerful effect
in lowering surface tension, as we shall see later.

Capillary tube method of measuring éprface tengion.

Another method is founded on the rise or fall of the level
of a liquid in a capillary tube, according to whether it
wets the glass or not. This change of level is due to the
curved shape of the meniscus or surfaece separating the

liquid from air.?

2w, .
31vid.,

Bayliss. DPrinciples of General Physiology, p. 49.

p.‘50.'
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' Measure the height to which water rises in a capillary tube
(use vernier calipers or centimeter rule ). Then‘as a cheeck fill
the tube by sucking on the end of it and measure the height of
the water in the tube after it has reached its level. Repeat‘
using strong sodium chloride solution, calecium chloride, sugar,
and alcohol. How d6 these results compare with those found by
dsing the drop method? Where is dapillary'actiOn found in liv-
ing protoplasm? = What is the effect of loWering surface tensioen
on living protoplasm? '
Materials needed:
1. strong sodium chloride solution
2. caleium chloride
3, sugar

4. alcohol

5. Local surface tension changes. Place a large drop of

mercury in a clean watch glass. Note form and size. Cover with
2% nitric acid. What change oceurs? Touch the.edge of ﬁhe mer-
cury with a small erystal of potassium dichromate. Result? Can
you explain the changes that oceur in the shape of the mercury
drop? What kind of protoplasmic movement does this resemble?
Materials needed:

1. mexcury

2. 2% nitric acid

3. potassium dichromate (erystals)

6. Cleavage of a drop by surface tension. Mix a few drops

of olive oll, stained with Sudan III, with chloroform until the
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mixture is heavier than water., (This can be determined by force

ing a‘'drop of the mixture from a dropper, with the mouth of the
dropper beneath the surface of water in a clean beaker.) Place
s drop of the mixture under water (about 1/4 ineh does nicely)
in a clean watch glass. Apply a small crystal of sodium carbone
ate adhering to points. of a tweezers about. 1/8 inch from each
end of the drop. :What happens? What causes the constriction®
oo Notes Droppers,: waﬁtiohgg«la'saes and all equipment used in
this experiment must be ;p_rerfebtly free from grease or oil., If
the. drop comes to the surface and spreads, the mixture does not
cdntain enough chloroform (chloroform evaporates very rapidly)
or there is surplus oil on the dropper, in the wateh glass, or
4in. the water itself, .
Materials needed:

1. olive oil .-

2., Sudan III

3. @hloroform

4, sodium carbonate (crystals)

7. Adsorption. Dilute methylene blue with water until it
is a.pale blue color, -Add powdered charcoal until the blue color
is removed. TFilter off the charcoal. Note color of filtrate.
Now pour acetones (made acid with a few drops of hydrochloric
acid) over the chareoal in the filter pa,per.. Can you explain
what oceurs here? Result? What is the importance of adsorption
in the human body? In soils?
Materials needed: |

1. methylene blue (very dilute)
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2. powdered charcoal

3. acetone

4, hydrochloric acid

8. Surface concentration. Make a weak solution of methy-

lene blue. Set aside a sample for comparison later. Place the
rest in a test tube and add a little soap solution. S8Shake and
separate the underlying liquid from the foam by repeated decan-
tations. . Is there any change in the concentration of dye in the
ligquid? Add one drop of aleohol to dispel the foam and compare
the,colbr of the liquid that settles out. Repeat the shaking of
the decanted liquid and again compare. - Why does the amount of
foam dec:ease'with repeated shakings? Why does soad solution
promote foaming and alcohol dispel if? "What makes a film of mat-
erial form on the surface of a cup ofichoeolate?
Materials needed: |

1. methylene  blue

2. soap solution

3, alechol

9. Adsorption and staining. - Lo

a. Pour some congo red (prepared with distilled water) into
a beaker. Prepare four pieces of old but well laundered cotton
oloth. (Cut one pair into squares and the other into reectangles
so the pairs ean be identified later.) Soak two of the samples
in cold distilled water and the other pair in nearly saturated
sodium chloride solution. ©Place the samples soaked in water in

the dye for 20 seconds. {Time carefully,) Remove and wash thor-
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oughly in distilled water, Rinse well and place aside to dry.
Repeat the process using the samples that were soaked in salt

solution. (Use the same dye solution as was used for the first

samples. )

Some of the students may vary this experiment by placing
1 g. of salt in the dye before the second samples are dyed, in-
stead of soaking them in salt solution. Do not dry the material
before placing insfhé*dYé“for any part of the experiment.
. Examine the samples. Is there any difference in color?
Does the presenéé df*thgfsalt increase or decrease the strength
of adsorption of the dye? - B
| 'b."P}epareffohr more samples as in part a. Soak all four
samples in disﬁi;led water., Proceed exactly as before, but in-
stead of using salt to set’the dye in the second péir of samples,
heat the dye solﬁtibn’andgﬁavé‘it boiling when the second set is
placed in it. 'Examine th¢ §émp1ea. is tﬁere any difference in
color? Does heat increase or decrease the strength of adsorp-
tion of the dye? |
Materials needed: o

1. well laundered cotton dioth

2., congo red solution {prepared with distilled water)

3, sodium chloride solution (nearly saturated)

10, Adsorption at liquid~liquid interface. Shake vigor-

ously equal quantities of water and xylol or benzol stained
with Sudan III and a little powdered charcoal., Examine a drop
of this mixture under the microscope without a coverglass. 1Is

it an emulsion? Which is the dispersed phase? Where are the
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particles of carbon located?

Materials needed:

1. xylol or benzol

2., Sudan III

3. powdered charcoal

Experiment

Experiment

Experiment

Experiment

Experiment

Experiment

Experiment

Experiment

Experiment

Experiment

10.
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More, perhaps, of the characteristics
of the living substance are explicable on
the basis of its colloidal nature than on
any other ground.... Our interest is not
confined to the behavior of colloids in the
mass, but to the potentialities of the ele-
mental particle that constitutes the col-
loidal state; because the first faint
signs of life are displayed by bodies of

that order of size and womplexity.

J‘Go V. Sc¢ |
+ Scarth and ¥, ®. 11
Course in General Physiology. p. Tep clentary
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THE COLLOIDAIL STATH
1. Colloid and orystalloid. Place a crystal of potassium

permanganate in a test tube and carefully f£ill full of water.
Note gradual diffusion of color through the water., Similarly,
place a bit of corn starch in a test tube and fill half full of
hot water. 'Examine the two tubes by transmitted light. In whieh
tube is diffusien more rapid? Are the liquids transparent or
translucent, 1.e. does light’pass through the liquids without
interference or is it diffused? Give reasons for your answer.
Which solute forms a colloidal solution in water?
Materials needed: |

1.kpotassium permanganate crystals

2, corn starch

2. Dialysis. Prepare four dialysers as instructed.
In a short length of parchment dialyzing tube place a
quantity of water. Hold up both ends and notice that
the tube does not leak. If this is satisfactory, replace
the water with some glucose solution. Suspend the tube
(by bending it into a u-shape and sticking a glass rod
through the upper ends) in a beaker of water. Have the
level of the wateg on the outside the same height as the
glucose solution. .
In one place a 5% sodium chloride solution, in the second a 14
starch paste, in the third a 2% glucose solution, and in the .
fourth a 5% albumin solution. At the end of one-half hour test

the liguid outside the dialyser for the presence of the materials
placed inside, as follows: |
Silver nitrate test for chlorides (white precipitate).
Todine test for starch (blue color).
Benedict's solution for glucose (green precipitate).

%W, D. Zoethout. Laboratory Experiments in Physiology, p. 188,
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Nitrie acid for albumin (white cortact),
Which of these substances are colloidal and which erystalloidal®
Materials needed: |
1. 5% sodium chloride solution
2, 1% starch paste solution
. 3.:2% glucose solution
4. 5% albumin solution
5. silver nitrate
-6+ iodine solution
7. Benedict's solution
8. nitric acid

3. Brownian movement. Grind a few tiny particles of carmine
very finely. :Place in a shallow digh. Add a dropper full of
water. Mix thoroughly. Mount one drop on a slide and examine
under the high power microscope. The vibratory motion observed
is called Brownian movement. What causes it? Observe the de-
monstration gslide of India ink, Is there;@ny{relation‘betWeen
the type. of movement and the size of the particles? Mount some
carmine in glycerin. Does this have any effect on the motion?
Why? ‘

Mount in water some living root hairs. Can you detect any
Brownian movement? What does this tell you about protoplasm?
Materials needed:

1. carmine

2. India ink

3. glycerine

4, grass roots (previously sprouted on blotter paper)
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4. Emulsions. If the dispersed substances are in the form
of minute droplets of a substance that does not readily mix with
the continuous phase the dispersion is called an emulsion, Ex-
amine a drop of cream on a2 slide and observe the large globules
of butter-fat., These will stand out more prominently if a little
of the dye, Sudan III, is added. Stir the Sudan III (dry) inte
the cream. Would‘ybﬁ“expect to find Brownian movement in the
fat globules? Why or why not? ‘
Materials neéded:\uﬁ |

l, cream

2. Sudan III

5., Emulsifiers. Add five or six drops of olive oil stained
with Sudan III to half a test tube of water and shake vigorously.
Prepare a similar tube and add a little soap solution. Compare
results. Has an emulsion been formed in either case? C(Can you
explain the difference in behavior of the contents iﬁ the two
tubes? Examine a drop from the second tube with the high power
for Bfownian movement, Why 1s Brownian movement found here and
not in fat globules in cream? (See Exp. 4). Do not attempt to
dissolve the Sudan III in wafer when staining olive oil. Merely
stir the stain (dry) into the olive oil.

Materials needed:

1., olive oil

2. Sudan III

3. soap solution
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6. Effect of ions on phases. Shake up equal quantities of

0olive oil stained with Sudan III and a M/100 solution of sodium
hydroxide. Repeat with 0il and a M/loo calcium chloride. Exa-
mlne each microscopically without a cover glass. Which phasé
is internal in eaehvease? While observing allow M/10 calcium
chloride to come in contaot with the first, and M/lo ‘sodium hy-
droxide wlth the secand mixture. What is the effect of the so-
dium and -of the »“caL@iu-m lon.on a water-oil emulsion? Of what
signlflcance is this princ1ple in the behavior of the plasma
membrane of the cell? " ‘
Materials needed:

l. olive oil

2, Sudan IIIX

3. sodium hydroxlde Myio and M/loo solution
4. caleium chloride myuo and M/loo solution
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The materials of which living things
are made are complex, ever-changing sub-
stances, No definite chemical formula
can be assigned to the structure of proto-
plasm, but the biochemist has been able to
divide it into several constituents which
may be identified by applying chemieal
tests indicating properties common to the
members. of each of these separate consti-
tuents.! Vi g

‘‘‘‘‘‘‘

YWenry R, B
le DAYTOWs,
Principles, p. 1y Blologleal Types and
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THE CHEMICAL NATURE OF PROTOPLASM
A. CARBOHYDRATFS -

Molisch's reaction. To 5 cc. of glucose solution in a

test tube add 2 drops of 5% alcoholic alpha naphthol. Put 5 ¢t.

of concentrated sulphuric acid in a second test tube. Holding

the flrst tube at a considerable angle, pour the sulphuric acid

carefully so that it will form a 1ayer under the glucose solu-

tiono

Note color at the boundary of the two solutions. Very

géntle shaking is sometimes necessary to mix the fluids slightly.

Repeat this test with starch, absorbent cotton, wheat flour,

gum arabic, and some other carbohydrates. If a subatance does

not yleld this test it 13 not a carbohydrate. What is the value

of such a test?

Materials needed:

1.
2.
3.
4,
5.
6.
7.

2.

a.

5% alcoholic alpha naphthol
sulphuric acid (concentrated)
glucose

starch

absorbent cotton

wheat flour

gum arabiec

Composition of carbohydrates.

In a small dry test tube heat a small quantity of ocane

sugar (hold tube horizontally) until it glows. Continue the

heating for some time, Cool and break the tube., Notice the

color and general appearance of the mass left in the tube, Is

it soluble in water? What do you suppose this is? What does
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it prove as to the composition of sugar? To what larger class
of compounds do the carbohydrates belong?

Y. In an evaporating dish or orucibie gently heat for three
or four minutes about 2 grams of copper oxide (Cu0)., Stir it
with a glass rod. When cool add one-tenth its bulk of cane sugar,
mix and place in a dry test tube. Fit this tube with a rubber
stopper and a delivery tube which dips into some clear caleium
hydroxide solution (l1ime water). Heat the mixture gently with a
small flame, The gases given off pass through the lime watex
and cause a white precipitate. What is the gas and what is the
precipitate? Do you see any evidence of water baing formed in
the test tube9 Where9 Why in this place? What is the origin
of the water? What did the sugar do %o the copper oxide? What
happened to fhe sugar?

Materials needed: |

1., cane sugar

2. copper oxide

3. calecium hydroxide (lime water)

3. Fehling's test. DPour 5 cc¢. each of Fehling's solution

no. 1 and no. 2 into two test tubes and mix. Divide the mixture
into each of three test tubes. To the Tirst add a few grains of
cane sugar, to the second a pinch of starch, and to the third a
little glucose. Heat each tube and boil gently for about two
minutes. What visible changes ocour? For what kind of carbohy-
drate is Fehling's solution a test? (If it is diffiocult to re-
move the copper salt from the test tubes, a little dilute nitrie

aclid will dissolve it.)
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Materials needed:
1. Fehling's solution
2. cane sugar
3. starech

4, glueose

4. Benedict's test. To about 5 cec. of Benedict's solution

in each of two test tubes add a few drops of cane sugar solution
and glucose solution respectively. Heat below the boiling point
for two minutes. What difference in the aection of complex ecane
sugar and simple glucose do vou note? How does this test com-
pare with that used in Exp. 3 in sensitivity?
Materials needed: |

1. Benedict's solution

2, cane sugar

3. glucose

5. Action of alkalies. Heat a few cec. of glucose with a

little sodium hydroxide. Color? Odor? This is due to the for-
mation of caramel (a mixture of éeverai compounds ) by the decom-
position of the glucose molecule.
Materials needed:

1. glucose solution

2., sodium hydroxide solution

6. Inversion. Prepare 10 ¢e. of a 1% cane sugar solution,
To & ce. of this add 5 cc. of Fehling's solution and bring to a
boil. To the other 5 ce. add 2 drops of dilute hydrochloric acid
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and boil for one minute, Neutralize with strong sodium hydroxide
and add 5 c¢. of Fehling's solution and boil. How does this dif-
fer from the untréated cane sugar? What change did the cane sug-
ar undergo by being boiled with adid?

Materia}s needed: '
l. cane sugar.
2, Fehling's solutian
3, hydrochloric acid (dilute)
4. sodium hydroxide

7. Starch. Make 100 ce. of a 2% starch solution (use cold
water). .Divide equally into two containers and set one sample
aside; |

a. Appearance. Mount starch in water and examine mieros.
copicélly. Note shape and markings of grains. Sketch a few
grains. | _ |

b. Iodine test. Add a drop of dilute iodine solution to a
drop of starch solution on a plate (The white backzround shows
the color most plainly.) Color?

c. Solubility. Pour 10 cc. of the starch solution through
s filter. Test the filtrate with iodine. I8 raw starch solu-
ble in watexr? \

d. Effedt of boiling. Boil the other 50 cc. of starch
paste (prepared above) for one minute. Make the iodine test.
(See b.) Note change in color given by the iodine test from that
found when raw starch was used. To 5 cc. of the paste add several
drops of strong sodium hydroxide. Test a drop with iodine, Re-
sult? -This is due to the hydroxide removing the free iodine,
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which is necessary for coloration., Test another of these drops
with iodine, then add a drop of dilute hydrochloric acid. Re-
sult? What does the acid do? Filter 10 cc. of the boiled starch
solufion made in d. Test oné drop of the filtrate with iodine.
What has boiling done to the starch grains? Place about 15 ce.
of the starch paste in each of two test tuﬁes. With one make
the Fehling test for glucose. Result?

e. Action of acids. To the other add three drops of dilute
ﬁydrdchloric acid and boil for one minute. Neutralize with sod-
ium hydroxide., Add 5 c¢. of Fehling's solution and ﬁoil) Re~
sult? What has the acid done to the raw starch? Where is this
prbcéss:carried en in the body? In what other ﬁayé could stareh
be thus changed? o
Materials neededs

1, 2% stareh solution

2, iodine solution (dilute)

3. hydrochloric acid (dilute)

4, Pehling's solution |

5.’sodium hydroxide solution

8. Dextrin. Make the following tests:

a. Repeat 7-b. Dextrins are generally mixtures and often
contain some starch, therefore several dilutions may be necessary
to bring out the difference between the starch color and the dex-
trin color,

b. Repeat 7-c.

¢. Repeat 7-8.
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Materials needed:
| 1, dextrin
2. lodine solution
3. hydrop@lqric:acid (dilute)

9. Cellulose. Using a bit of lens paper, absorbent cotton

or paper towel, make the following tests: .

a. Mount a bit of the material selected in water and exam-
ing micrOchpica11y, ~Appearance? %§ketchma‘few cells,

” b. SOak,a‘St?iP of filter péper or paper towel in water.
Remove and‘qﬁply the iodine test to the paper. Result? Tear a
small striﬁybf filter paper or paper towel into bits.’piace into
ahfest tﬁbe, Add R0 cc. of distilled water and boil for one min-
ute, Maké‘the iodine teat‘(uaing elther the liquid or the bits
of papér). Result? Does celluldee contain starch?

| c;‘Actidn‘of écid. Tear a quantity of%paper ﬁoweling‘into
bits (one-half ofxén’average paper towel is sufficient), DPlace
in a beaker. Add 70 ece¢. of dilute sulphuric acid (6N). Fill a
considerably léréer beaker one-fourth full of distilled water.
Place the first beaker in the pecond (a double boiler effect)
and boil slowly for two hours. Filter about 20 cg. of the con-
tents of the small beaker. Neutralize carefully with sodium hy-
droxide (15N solution avoids undue dilution) and test with
Fehling's solution. Result? Of what is cellulose made? Where
is it found in nature? What(is its function in plants? In what
ways does it differ from other polysaccharides? Disocuss briefly
its digestibility? Of what significance is this last fact to ue?
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Materials needed:
1. dilﬁte’sulphuric acid (6N)
2. sodium hydroxide solution (15N)
3. Fehling 8 solution

4. iodine solution (dilute)

10. The identification of carb ohydrates; Fehling's sdiu-

tion does’not give a reaction if the fluid tested is acid. 1If

the solution to be tested is an unknown, first test it with a
strip of blue litmus paper for acidity. If it is acid neutral-
ize it or make slightly alkaline with strong sodium hydroxide.
ié&inekdoes not react in an alkalihe medium but doés'sé in a neut-
ral -or slightly acid one. The deteotion’of b°11$d,5tar¢h is more
readily made than of raw, so it is advisable to boil a substance
or solution before making an iodine test for starch.

You will be given certain sﬁbstanéés or sdlﬁtioné by the
instructor. Review the tests for carbohydratesﬁand then pro-
ceed to determine what the unknowns are. If the unknown is a
llquld, flrst boil for one minute. 'If tﬁe'subétance‘is a powder
or solld, first disaolve it in distilled water and then boil,

If testing food, grind the material in a mortar with a little
water, and then strain through a cheese oloth. Tabulate re-
sults carefully. Result of iodine test? Result of Fehling's
test? If these tests give negative results apply the inversion
test to a portion of the liquid (see Exp. 6). If this gives a
negative result, apply Molisch's reaction (see Exp. 1).
Materials needed:

1. cane sugar solution
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2. glucose solution.

3. starch solution

4. Fehling's solution

5., 5% alcoholic alpha naphthol

6. concentrated sulphuric acid

7. sodium hydroxide solution

8. any other unknown substances or solution the instructor

may provide.

Experiment

Experiment

Experiment
Experiment
Experiment

Experiment
Experiment

Experiment

Experiment
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THE CHEMICAL NATURE OF PROTOPLASI
5. mts o
‘1. Spot &ggi. Place aldfop of oil on a piece of smooth

baper; let it spread énd dry. Note appearance, especially when
ﬁﬁe‘paber ia‘held up to the light.t Now moisten a spot with tap
water. How is this different from an oil spot? Rub the paper
with the exposed'surface of a piece of nut meaﬁ. Does this con-
tain fatty material? Repeat with sugar solution, stareh paste;
and albumin solutioﬂ; Do these substances produce "grease spots"?
Materials needed: |
1. olive oil or lard
2, nut meats
3. sugar solution
4; starch paste |

5. albumin solution

2. §ng§ili§z:‘yln four test tﬁbes place 3 cc. of water, al-
cohol, éther, and‘gﬁbeﬁ tetrachloride ;eégéctively.‘ T6 each add
a few drops of‘dlive 0il, Sﬁake iéll andéset aside for observa.
tion. What conclusions can you d¥aw as to solubility? Test a
small amount of each of the clear liquids as in Exp. 1. Which
is the best solvent for removing grease spots?

Materials needed:

1, alcohol

2. ether

3. carbon tetraechloride

4, olive oil
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3. Acrolein test. Place a few drops of olive oil in a test

tube and add 8 little dry potassium bisulphate (KHSO4). Heat
carefully and strongly. Keep the fumes away from the eyes. Note
odor, The odor is that of aorolein. formed by the burning of
fats and fatty tissues. Repeat with lard and butter using the
necessary precautions.
Materials needed:

l, olive oll

2. potassium bisulphate (KHSO4)

" 3. butter ”
4, lard

4, Saponification. To 2 grams of lard or tallow in an eva-

porating dish add 25 cc. of 10% sodium hydroxide‘solution. Boil
géntlyjfor about*éo minutes, or uﬁtilJﬁo 0il globules ecan be seen
in the mixture. The mixture consistes of glyeerol, excess alkalil,
and sodium soap. Add about 5 ec. of saturated salt solution and
boil 5 minutes. This causes the soap to separate largely from
the mixture. Save the sdap for Exp. 5. Discuss briefly the re-
lation between saponification and the digestion of fats.
Materials needed:“ -

1, tallow or lard

2, 10% sodium hydroxide

5. Decompogition of soap. Dissolve a piece of the soap

from Exp, 4 in hot water, add strong hydrochlorie acid until it
becomes acid and cool the mixture. The material forming on the

surface is the free fatty acid originally present in the fat used
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in EXp. 4. Apply the spot and acrolein tests to this material.
Materials needed:

l. soap

2. hydrochloric acid (concentrated)
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THE CHEMICAL NATURE OF PROTOPLAoM
. TROTEINS
1. Millon's”test. To about 5 co. of 1% albumin solution

add a few drops of Millon's fluid. Note color change. Boil
carefullj.‘ Ahy fﬁrther change? This réactién is due to the
amino acid tyrosine, found in nearly all proteins.
Materlals needed- _ ,
-1, 17 albumin solution |
_‘2._Millon 8 f;yid

2. The xanthoproteic reaction. To 5 ce. of 1% albumin sol-

ution add 10 drops of concentrated nitric acid. Result? Boil
carefully. Result? Cooi and slowly add sodium hydroxide until
distinctlyalkaline; vﬁesult? Why does nitrie turn the skin
yellow? “ o
Materials needed' o )

1. 17 albumin solutlon

2. concentrated nitric acid

3. sodium hydroxide

3. Bluret test. In two test tubes put 5 ce. of 17 albumin

solution and 5 cc. of peptone paste respectively. ‘To each add
5 ce. sodium hydrqxide solution and then copper sulphate solu-
tion drop by drop. ‘Shake after each drop. Note color changes.
What difference in the color of the simple peptone solution and
the more complex albumin?

Materials needed:

1, 1% albumin solution
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2. 1% peptone solution
3. 5<7% copper sulphate solution

4, Salting out. To 20 cc. of 1% albumin solution in a

beakers, add 35 g. of magnesium sulphate. Mix thoroughly by re-
peated pourings from one beaker to another. A heavy cloudy pre=
cipitate will be formed. Allow to settle one minute. Rilter off
a little of the clear liquid on top and make the xanthroproteic
reaction test. (See BExp. 2.) Result?
Materials neededs |

1. 1% albumin solution

2. magnesium sulphate

3. nitric acid (concentrated)

4, sodium hydroxide

5. Salts of heavy metals. Prepare a 1% solution of albumin.

Carefully filter it. Then using the clear filtrate, determine

whether each of the following salts precipitate albumin: copper
sulphate, lead acetate, silver nitrate, mercuric¢ chloride, ferric
chloride, and zine sulphate., Add the salt solution drop by drop.

If a precipitate forms add more salt to see whether the protein

is soluble in excess salt. Why are large doses of egg white
given in cases of mercuric chloride poisoning?
Materials needed:

1, 1% albumin solution

2., copper sulphate solution

3. lead acetate solution

4, silver nitrate
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5. mercuric chloride
6. ferric chloride
7. zinec sulphate

'  6;'Mi1k:pr¢téins; To 25 cc. of skimmed milk add an equal
volume of water and then carefully add dilute hydrochloriec acid,
a little at a time and stirring after éach addition of acid.
Filter off the precipitate that forms snd test with one of the
color tests for proteins. Is there any protein left in the
liquid filtered off? Why does sour milk cﬁrdle? |
Materials needed: ,

1. skimmed milk
2, dilute hydroshloric acid
3. nitric acid

4, sodium hydroxide

7123
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DIFFUSION, PERMEABILITY, OSMOSIS

‘1. Diffusion through liquid. Below 1.5 cm. {about one-half

inch) of water in a test tube introduce, with a dropper, a layer
of chloroform containing iodine in solution. Do not allow any
of the chloroform to touch the upper surface of the water. The
following instructions facilitate proper placement of liquids.
Fill the dropper with the colored chloroform. Taen wash the end
of the dropper free of color by dipping it in water and gently
rinsing it. Next insert the mouth of the dropper well beneath
the surface of the water and slowly expel the chloroform from
the dropper. |

Place a layer of ether above the water, seal the tube tight-
ly with a cork dipped in melted paraffin, and set aside until the
next laboratory period. ITodine is slightly soluble in water but
very soluble in ether., What happens? How long does this take?®
Materials needed: o

1. chloroform containing iodine

2. ether

3, paraffin

2. Negative pole of diffusion.

A point in a solution at which the concentration of dis=-
solved substance is great, and at which there is accord-
ingly a high osmotic pressure may be looked upon as a
pole of diffusion.?

Flood a piece of glass with a thin layer of sodium chloride
solution. Add a drop of India ink, Result? If the first drop

spreads rapidly and makes a thin scum over the entire surface of

2Bric Ponder. Essentials of General Physiqlogy, p. 105,
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the water, disregard it and proceed by adding another small drép.
Add s8till another close to the second drop. Result? Why do the
drops repel each other? Try this experiment until éonditions
are ideal for a slow diffusion of the India ink particles. Des-
cribe the diffusion pattern., From this experiment, what would
you say as to orderliness of the diffusion process?

Yaterials needed: '
1, sodium chloride solution

2, India ink

3, Cell permeablility,

a. Carefully wash some slices of beet and place in distilled
water. Note whether color comes out. Heat and note any difference.

b. Place a Tew slices of beet that have been carefully wash.
ed in running water, in .25% calecium chleride solution., Note
whether any color comes out. Place a like number of glices in
2% sodium chloride solution, What difference? (The beet slices
should be in the solutions for at least 24 hoﬁrs for most evident
results.) When making comparisons, pour some of each solution
off the beets into test tubes, so that the aetual color of the
solution may be discerned. Of what significance is this differ-
ence? Of what importance are inorganic salts in cell metabolism?

¢. Stain some Elodea and Spirogyra in neutral red. DPlace
these in M/40 sodium hydroxide solution. Does the sodium hy-
droxide penetrate the leaves? (Neutral red is colored by alka-
lies.)

d., Stain some Elodea leaves in neutral red. Wash the sur-

plus color from them by immersing them in water. Xill half of

the leaves by placing them in chloroform water for 5 minutes,
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Place one of the live stained leaves and a chloroformed one side

Yy side on a microscope slide. Add two drops of M/40 soecium hy-
droxide solution and compare under the low power. What is the
effect of death on the permeability of the cell wall? Remember
that neutral red ¢an penetrate living protoplasm, buf is merely
an indicator. Sodium hydroxide can pemetrate only dead proto=
plasm,
Materials néededs

1. red beets

2, «25% ecaleium chloride solution

"3 2% sodium eéhloride solution

4, M74@“§ddium’hydroxide golution

"5, Elodea leaves

6. Spirogyra

7. neutral red

4, Osmosis. The following method for setting up an osmo- -
meter is suggested: Close up the small end of a thistle tube
with a short plece of rubber tubing and ‘rubber band. Fill the
bell of the tube with corn syrup., Tie a piece of parehment
' diplyzing paper (previously thoroughly soaked in water) tightly
" over the flanged end of the tube. Invert the tube, remove the
obstruction from the small end, and with a ring stand and test
tube c¢lamp arrange the osmometer with the lower end immersed in
a beaker of water. Carefully note time of starting and measure
the rise of the column of liquid at 30-minute intervals. Com-
pare your results with those of other gtudents, and tabulate
the data. Diseuss fully the differences and the significance

of osmosis in living things. Some of the students may vary the
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experiment by using different solutions in the osmometer, or by

using different kinds of membranes (egg membrane, collodin, or
any other prepared membrane ).
Materials needed:

,_1.‘cqrn‘syrup,.

2. parchment paper

5.*P%ecipiﬁ&tiéﬁ“meﬁbréﬁes. P11l a shallow dish with 3%

copper sulphate solution and place under the lowest power of the
mictoscope., Drop into the solution‘a tiny crystal of potassium
ferrocyanide andkexaminéfimmediatély. Try to deséribe aseurate-
ly what happens. Is there any resemblance between this and or-
ganic growth? |
Materials needed s

1. 3% copper sulphate

2. potassium ferrocyanide (orystals)

6. Osmosis in living cells. Place a few filaments of Spire-

gyra on a slide and cover with a cover glass. While holding a

piece of blotting paper on one side of the cover glass add a drop

of strong salt solution to the other side and observe what happens

the cells as the salt solution flows under the cover glass and
) es in contact with the cells. Now remove the salt solution

nd replace with distilled water. What result? ZExplain.

Materials needed:

l. Spirogyra

2, strong sodium chloride solution
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There are a large number of reactions
which proceed by themselves very slowly,
or sometimes, apparently not at all, but
which can be enormously accelerated by the
presence of small amounts of various for-
eign substances. The characteristlc prop-
erty of such accelerating agents, known as
"catalysts", 1s that they do not form part
of the system in its«fimaloeguilibrium....

In living organisme theresare a' large
number of substances which beshave like
catalysts, and are known as "enzymss'.
They are extremely active, and explain the
oecgurence in the organism of reactions
which require, in the laboratory)y powerful
reagents and high temperstures. Lactose
is hydrolyzed by both hydrochloric acid
and by an enzyme lactase; but weight for
welght the latter is, at least, five
thousand times as powerful as the aeid.
These enzymes are all in the colloidal
state... Their action is exerted on the
surface, and is controlled by the amount
of reagents absorbed.l

.LW M. Ba 1
- M. Bayliss. Principles of Gener -
slology, p. 330, ———o—b=if 0% General Phy
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ENZYME ACTION
1, Salivaxy digestion (raw starch). Make 100 ce. of a 1%

solution of starch paste, uéing cold distilled water. Test 5 ce.
with'Fehling's‘solution for glucose. Result? (If there is
glucose present the starch is ﬁorthless for ﬁhis experiment. )
éolléct séliva (chew paraffin to stimulate the flow of saliva).
Dilute about 10 cc. of saliva with an equal amount of distilled
iatér. Stir thoroughly. To 10 cec. of the starch solution add
1l ce. bf‘aaliva and after 5 minutes make the Fehling test for
glucose. Result? Will ptyalin, the enzyme in saliva, digest
raw starch? |
Materials neededﬁ

1. 1% starch solution (raw)

2. Pehling's solution

3. ﬁaraffin

2. Saiivary digestion (cooked starch).

8. Bolil the rémainder of the starech prepared above, for one
minute. Put about 15 cc. into each of five test tubes. To A
add a few drops of sodium carbonate solution. To B add 3 drops
of hydrochloric acid. DPlace C in a beaker of ice water. @Place
D in a water bath at 409 C., Heat B to the boiling point. Add
1 ce. of saliva to the contents of each test tube. Boil B for
a few moments. After 5 minutes test a few drops from each tube
with iodine, for starch. Test the remainder of the contents of
each tube, except 0, with Fehling's solution. What is the effect
of alkali? Of acid? Test a portion of C. Result? Place the
remainder of the contents of C in the water bath at 40° C. for
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10 minutes,  Test with Pehling's solution. Result? Is the

enzyme destroyed by low temperature? "By Yoiling?
"~ b, Place 1l ce. of saliva in & émall beaker.‘aﬂd stie 1 g,

of bone charcoal? very ecarefully into it. Add 15 ec. of 1%
boiled starch paste and.-stir thoroughly. After 10 minutes file
ter some of the -mixture and test the filtrate with Fehling's
solution. Result?
Materials needed: "

1., 1% starch solution (eooked)

2. sodium carbsnate solution

3. dilute hydrochloric acid

4, Fehling's solution

5., bone charcoal

.8, Stages in digestion. Make -50 ce. of 1% starch paste,
using cold water. Boil for ome minute, Cool the paste to 400 ¢,
or lower. Test one drop, on a white plate, with iodine. Xeep
this spot for comparison. (When making the tests arrange the
drops in succession around the edge of the plate to show the dif-
ferent stages.) Collect saliva and dilute with an equal volume
of water, Plaece 'l cc. of the saliva preparation in 20 ce. of
starch paste. Mix thoroughly. After 1 minute make the drop test
with iodine, Is there any change from the color shown by the
first test? MWMake Fehling's test for glucose. Result? Repeat
the drop test with lodine. Result? Continue the tests at fre-

guent intervals until no further change in color is noted, The

2Bone (or animal) charcoal must be used, Wood charcoal does not
absorb the enzyme very effectively.
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pinkish reaction with iodine before complete hydrolyeis indicates
erythrodextrin, an intermediate product. "Note the gradual ine

crease of transparency as the colloidal solution becomes ery-
stalloidal., How could one prepare a highly concentrated solution
of dextrin? How could the reaction be stopped to prevent its all
becoming\glﬁe@se?
Materials needed{
- 1. 1% starch paste
2, iodine solution (dilute)

3. Fehling's solution

4. Gastric digestion. Clean four test tubes, A to D. In

A put 5 ce. of water and a few drops of pepsin., In B put 5 ee.
of 0.2% hydrochlorie acid. In C put 5 ce. of acid and a few
drops of pepsin. In D put 5 ¢e. of sodium carbenate solution
and a few drops of pepsin. To each add a few small cubes of
boiled white of egg. Be sure to use small pieces and of the
pame size., Observe results the next laboratory period. What
effect does alkali have on pepsin digestion? Aecid? What diges-
tive effect does acid alone have on proteiné? |
Materials needed:

1. pepsin

2, 0.2% hydrochlorie aeid

3., sodium carbonate solution

4, boiled white of egg

5., Oxidation.
a. Prepare two thin cross sectlions of an apple from the care

pellary region. Immerse one in bensidine solution at once., Dip
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the other in boiling water and then immerse in bensidine solutien.

Work fast, so as to expose the cut surface of the apple to the
air as little as possible. Note where the color appears, which
indicafes the location bf oxidase, the enzyme that causes the ox-
idation. Air is the source of the oxidation.
. b. Repeat @ith siices'of potato. How long does it take for
¥ﬁéwcélor to appearé ’the sketchés to show what regibns are af-
fected first. What is the effect of the boiling?
Materials,needeﬁé" |

1. épplés (1 apple to 4 to 5 students)

2, potatoes (1 potato to 5 students) |

3. benzidine solution (alcoholic solution)



Experiment 1,

Experiment 2.

Experiment 3,
Experiment 4.

Experiment 5.

Ponder, Eric.

Bayliss, W. M.
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VITAL PROCESSES

1. The‘simplé miscle contraction.l

Note: Do not prepare the muscle until all the apparatus is set

up. Isolated tissues and organs lose their irritability rapidly.

g. 1. Set up for Obtain-
ing a Musele Tracing. From

Zoethout--Laboratory Exper-
~ iments in Physiology.

a. Smoke the kymograph (a smoky kerosene lamp is often used
to produce the smoke) and set up the electrical apparatus as
shown in Fig. 1.

b. Make a gastrocnemius muscle preparation as follows:

1. Pith brain of a frog in this manner: Hold the frog
in the left hand. With the index finger press the nose
downward until the head makes a right angle with the

trunk. Then stick a dissecting needle forward and downe

ladapted from W. D, Zoethout. Laboratory Experiments in Phy-
siology, pp. 38-41.
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~ ward through the base of the brain into the skull,
Turn and twist the needle from side to side and thus
destroy the brain.
2. Make s cirecular oeut through the skin above the knee.
Pull the skin downward until the tendon of achilles is
‘exposed. ‘Separate the pgastrocnemius from the tiblo-fib-
ula bone., Sever the tendon of achilles just azbove the
heel, and make a hole through the tendon.
3. Cut through the tiblo-fibula bone Just below the
‘knee and cut away all the femur bone but a small portioen
to which the gastrocnemius is fastened. ILay the prepara.
tion on a pieece of filter paper and moisten it with 0.7
per cent sodium chloride solution.
¢ . Place the femur in the jaws of the muscle c¢lamp and
through the hole made in the tendon fasten the hook on the muscle
lever. Place a 10-30 g. weight on the pan attached to the musecle
lever. Be sure the position of the hook upon the muscle lever
is constant.
d . Connect one of the wires from the secondary coll with
the binding post on the muscle clamp. Run the other wire to the
thumb- screw on the muscle c¢lamp and leave four inches of free
wire. Wrap the free end tightly around the tendon. The wire
wrapped around the tendon should be extra fine wire. Why? Keep
the muscle moist with the 0.7 per cent salt solution.
e. Place the ends of the muscle lever and magnet lightly
against the drum, Keep the drum high and the recording appara-

tus low, so if necessary another tracing may be placed above the

first one.
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Try out the hook-up by closing the key in the primary cir-
cuit.‘,With a suffiecient strength of induced current, the muscle
shouldhcentraot and cause the writing lever to make a tracing
on the drum. The pen must move up and down freely. Why?

f. If all is working properly, start the drum moving at
medium speed; close the primary key. Keep it closed for three
seconds and open it. ‘What did the muscle do while thé primatry
key wéé“closed?  What physiological property is highly develoépéd
in muscles? What is a stimulus?

Materials ahd apparatus needed:‘

1. ky@ograph

2. induction coil

3. dry cells

4; simple key

5. muscle clamp and lever

6. stand

7. clanmps

8. 0.7 pér cent sodium chloride solution

9. frogs (one to each group of students)

2. The relation between the strength of stimulus and
height of contractlon, What I8 contractlliTy? I¥ritabil- -
I¥y?  A7stImuIus? Do stimuli vary in intensity? Illustrate.
From your experience do you surmise that the extent of the

response varies with the strength of the stimulus?

‘ a, Set up the apparatus as in Exp. 1. Have the drum
stationary during the stimulation so that the tracing pro-
duced is merely a vertical line., Between the times of stim-
ulation rotate the drum about one-half inch.

Use the musgle preparation of the previous experiment
(three dry cells) in the primary circuit. Place the second-
ary coil as far from the primary as possible, and stimulate
the muscle by closing the key; let the key remain elosed for
2 or 3 seconds (stationary drum). If a contraction ocours,
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move the drum forward a little, so that no two contractisns
are superposed. Stop the drum and break the current. After
each break move the secondary coil one-half em. nearer %o
the primary coil and wait one minute before the next stimu-
lation is made. When the induced current is strong enough,
a make or break contraction appears. Continue to increase
the strength of the induced current until the secondary and
primary coils are flush... What can you say of the strength
of the make and break induction shocks??

3. Muscle work; influence of load on height of con-
traction and on work.  What 15 The TonctIon o% a muscle®
How c¢an mechanical work . be measured? :

a, Set up the apparatus as in Bxp. 1 and provide muscle
weights, Use induced c¢urrent giving a good break but no
make contraction (short eircuit the make), and keep the cur-
rent constant throughout the experiment. Why?.. Stationary
drum; move it between the periods of stimulation. Make suye
that the muscle pen writes without undue frietion all the
way up as the muscle contracts. Properly "afterload" the
muscle by turning the thumbserew on the muscle lever so that
it Just touches the short arm of the lever and thus prevents
the load from bearing down on the muscle when the muscle is
not contracting.

b. With no load (neglecting the weight of the lever)
record a contraction., Load the muscle with 20 grams (or
with 10 grams, i1f the muscle is very small) and record the
contraction, In the same manner obtain curves for loads
suceessively increased by 20 grams (10, if the muscle is
very small) up to 100 grams., Now inecrease the load by 100
‘grams up to the point where the load is no longer lifted....
From your experiment discuss the relation between load and
work; optimum and maximum loads., Under what two conditions
does the active muscle perform no mechanical work? Disecuss
‘briefly the energy transformations in these two cages?

What factors determine the "strength" of a muscle?d

Note: If the students desire, the kymograph tracings may

be varnished and kept permanentlx.--

A good varnish can be made by placing orange or yvellow
flaked shellac in about four times its volume of wood, or
better, denatured alcohol. Let stand for several davs, shak-
ing it occasionally. Decant the clear liquid and add alco-
hol to it, if necessary.

earbainy

2W. D. Zoethout. Laboratory Experiments in Physlology, pp. 41-42,

3W. D. Zoethout. ILaboratory Experiments in Physiology, pp. 47-48.

41vid., p. 244,
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4. Graphic record of heartbeat.b get up the apparatus abs

indicated In Fig. 2. Pith the brain of a frog, Place the frog
on a frog board and expose the heart by cutting through the skin

over the thorax. -Slit open the pericsrdium. Cut through the

Fig. 2. Set up for Resord-
ing the Frog's Heartbeat.
From Zoethout--ggyggggggz

Experiments in Physiology.

pectoral girdle and spread the arms out well. Run a small hook
through the apex of the ventriele, but do not puncture it.
Connect the hook with a fine thread to the heart lever as shown
in Fig. 3.‘ Keep the heart moistened with 0.7% sodium chloride
gsolution., Let the point of the heart lever make a light con-
tact with thé gsmoked drum so that a mark will be made when the
lever is raised and lowered. Use medium speed drum. Notice
that the beat has two parts to it. First the slight contraec«
tion of the auricle and then the greater contraction of the
ventricle. Is this shown on the tracing? Make a sketch of the

kymograph tracing or better still varnish a portion of it for a

5pdapted from W, D. Zoethout. Laboratory Experiments in Physio-
logy, pp. 100-102.
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permanent record to be kept in the note-book.,

Materials needed:
1. frogs (one to each group of students )
2, frog board
3. kymograph
4, Q,?% sqdium chloride solution

5. heart lever

. Nerve conductivity.

a. Pith brain of a frog. (See Bxp. 1.)

b. Reverse the direction of the pin and destroy the gpinal -
cord.

c. Make a muscle-nerve preparation in the following mans
ner: Place the frog back upward in a dissecting tray. BS1it
open the skin on the side of one thigh,

Separate the muscles carefully by gentle pressure of the

thumbs and observe the sciatic nerve whieh will look 1like

a glistening thread. Carefully free it as far as possible

up into the body, and cut it close to the spinal eolumn.

Now proceed to make the usual gastroenemius muscle prepar

ation, being very careful not to sever the sclatic nerve

from the muscle. Call this preparation A. Make a similar

preparation of the other muscle and eall it B,

Keep these tissues moist with 0.7% sodium chloride solution.
Mount the muscle nerve preparation A with apparatus as in Pig. 1,
but do not run wires from the secondary coil to the muscle, ILay
the sciatic nerve on a glass plate supported by the ring stand.
Keep the nerve and muscle moist with 0.7% sodium chloride solu-
tion. Stimulate the sciatic nerve with electrodes attached to
the secondary coil (break contraction). Result? Now lay

muscle-nerve preparation B over the sciatic nerve of A and stima

SW. D. Zoethout. ILaboratory Experiments in Physiology, p. 59.
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ulate the nerve on B. Result® What physiological property of
protoplasm does this demonsﬁréte?

Materials needed:
1. frog {one to each group of students)
2, dissecting tray |
3. 0.7% sodium chloride
4, induction coil
5, dry cells
6. gimple key
7. muscle clamp and leVEr
8. stand |

9, clamps

6. Determiniﬁg the amouﬁ%“gi oxygen consumed by a small

animal., Carbon dioxide will dissolve very readily in potassium
hydroxide. 1In fact, several volumes cah be taken up by the hy-
droxide with no appreciable increase in volume. Thus any change
in volume in the apparatus in this experiment is due to the
oxyzen consumed by the animal used.

Set up the apparatus as in indicated in Fig. 3. A two-quart
Mason jar with a small stop cock soldered on the lid for a hose
connection does nicely for an animal cage. (Make a hole through
the 1id under the stop cock.) Testkthe apparatus carefully for
leaks. Place three small beakers in the bottom of the ecage and
£111 them nearly full of 50% potassium hydroxide solution. Cover
the beakers with a screen so the animal cannot,get into the
potassium hydroxide, Fill the pipette (100 cc., size) and burette

(B0 ce. size) until the pipette is about one-fourth full of



67
water. Place the animal (a small mammal) in the cage, screw

the 1id on tightly and check all hose connections. What is
the reading on the burette® Nearly subjerge the cage in a
large container of water sd the temperature may ﬁe held con-
stant. What would an inecrease in temperature do to the pres-

sure in the apparatus? Be sure the temperature of the water

in the contain 8 the same as the room temperature.

Fig. 3. BSet up for De-
termining Oxygen Con-
sumption of a Small

Animal.

Watch the water level in the burette. As the water level
lowers in the burette raise the burette so the water level is
the same as in the pipette. This keeps the pressure in the
system uniform (atmospheric). Read the burette at frasquent in-
tervals. Do not keep the animal in the cage for periods longer
than twenty minutes., If it is necessary to repeat the experi-
ment, use another animal. How much had the water in the burette

lowered in 5 minutes? In 10 minutes? At the end of the experi-
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mept? What is the source of the carbon dioxide that unites
withAthe potassium hydroxide? Animals also give off water va-
por as another waste product.of the respiratory process. Do
you see any evidence of this? Where? |
Materials and apparatus needéd: |

1. 50% potassium hydroxide solution
2, rats (or other small mammals)
3., an animal cage for each group of students

4. rubber tubing

7. Methylene blue as an oxygen indicator. Fill two test

tubes with pond or aquarium water. Stain the water in eaeh with
two or three drops of methylene blue. DPlace a small tadpole in
one of the tubes and seal each tube tightly with a eork dipped
in melted paraffin. Compare the color in the tubes at 1l5-minute
intervals (hold against a white background). Methylene blue is
an oxygen indicator. What became of the oxygen? How can the
color be restored?
Materials needed:

1. tadpoles

2. methylene blue

3. paraffin

8. Effect of changes in temperature on heart action of

daphnia. Mount a live daphnia, in a thin film of water, in a
clear watch glass. Observe under the low power microscope.
Try to ascertain the rate of heart beat. (The heart is the clear

disc-shaped organ on the dorsal side of the animal.)
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Place a number of daphnia and some wateh glasses, in which

the daphnia are to be observed, in the refrigerator for ten
minutes. Then mount one daphnia as befors and observe under
the low power. Result? What has the low temperature done to
fhé neart action? Work rapidiy. Make observations before the
temperature:incrégsés. Keep the wateh glasses and daphnis ice
cold! Wateh the‘animal as the temperature incereases, Is the
heart action sens;tive to slight‘temperature changes®?
Ma.terials needed: |

i.'culture of daphnia
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of Physiology, Chaptexr V.
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Bayliss, W. M. "The Circulation of the Blood": in Prineiples
of General Phveiology, Chapter XXIIT.

Ponder, Eric. "Clrculation"; in Essentials of General Phy-

siology, Chapter XIv.
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and VIIT.

Nerves (Conductivity)

Bayliss, W. M, "Excitation and Inhibition"; in Principles of
General Physiology, Chapter XIII,

Ponder, Eric. "Nerve"; in Essentials of General Physiology,
Chapter IX.

Zoethout, William D. '"Muscle-Nerve Physiology"; in Textbook
of Physiology, Chapter V.,

Respiration

Bayliss, W. M. "Respiration"; in Principles of General Phy-
siology, Chapter XXI,

Ponder, Eric. "Respiration"; in Esgentials of General

Physiology, Chapter XIII.

Zoethout, William D, "Gas Exchange: Respiration"; in Text-
book of Physiology, Chapter X.

"These experiments are so general in nature that reference to
a specific experiment is not profitably made.
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APPENDIX I

COMPLETE LIST OF SUPPLIES NECESSARY
| FOR THE COURSE
A. Chemiecals

Acetone Glycerin

Albumin (egg) | Gum Arabie
Alcohol (95%) H&drochloric écid
Automobile oil (a few cc.) India ink
Benzidine Iodine solution
Benzol | Lead acetate
Caiéium chloride . Maghesium sulphate

Caleium hydroxide Kercurie echloride
(lime water). o
Mercury
Carbon tetrachloride

Methylene blue

Carmine .

Nitric acig
Charcoal :

Neutral red
Chloroform

. Olive oil

Congo red

Paraffin
‘Copper oxide (Cu0)

Pepsin
Copper sulphate

Peptone

Crystal violet
Potassium bisulphate

Dextrin

Potassium echloride
Eosin

Potassium dichromate
EBther

Potassium ferrocyanide
Fehling's solution (erystals)
(1 and 2)

Potassium hydroxide
Ferric chloride

Potassium {odide
Gelatin

Potassium permanganate

GFlucose
Silver nitrate
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Soap solution ° Sucrose
Sodium bicarbonate ‘Sudan III
Sodium e¢arbonate Sulphurié acid

(crystals)
' Lylol
Sodium chloride

S o Zinec sulphate
Sodium hydroxide

‘ B. General Apparatus
Thia list includes equipnent most of which is conmmonly
found in any physiological laboratory. The articles enumerated
in_phe first column are used only in the last group of experis
menté-—Section VII. Bach piece of equipment in this column will
suffice for‘fxdm three to six students, depending on the wishes

of the instructor or equipment available. The list follows:

Bu:ette‘(so cC. ) ~ Balances and weights
Dry’celis’(z) Capillary tubes

~ Blectrodes Rvaporating dishes
Electro magnet Flat pieces of glass (such as

0ld lantern slides)

Irog board 7
- Mortar

Heart lever
~ Parchment paper (for dialyzers)

Induction coil
Plates (white)

Simple key

Rubber tubing
Kymograph

Thermometers
Kymograph paper

Water bath

Mason jars (2 gt. size, Hose
connection in 1id)

Muscle clamp

Pipettes (100 cc,)
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C. Miscellaneous Supplies

~ Many of the articles enumerated in this group are perishe
able and can be obtained, the day they are to be uged, from any
grogery store, Cultures of ameba and daphnia may be seecured
locally; in some pond or pool; or if this is not the case, they
may be ordered from a Biologieal Supply housel. The following
1lst aontains all articles of such nature as was suggested above

or of some irregular classification.

Améba culture Green leaves (cottonwood or
, other hard leaves)

Apples

, Lard or tallow

Beets

Liver (fresh)
Butter and cream

Milk
Cotton (absorbent)

Nut meats
Cottonfcloth (well laundered) |
) Potatoes
Corn starch

A ) Rats
Corn syrup
; Slides
Daphnia I Allium
Amebs (prepared)

Eggs - Blood of frog
Elodea leaves Spirogyra
Grass roots (freshly sprouted Tad poles

on filter paper) y
C Wheat flour

D. Individual Equipment
Some articles will be needed repeatedly and for this reason
they are not included with the lists of materials found at the

end of each experiment. Other supplies and materials will be

lsee page 81 for a list of firms from which blologlcal supplies
can be secured.
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obtained from the stock room or from shelves provided for them.

Students will be charged for excessive use and breakage. The

following list of materials should be provided for each student,

or group of students:
Beakers (3)
small
medium
large 7
Blotting paper
Bunsen burner
Celluloid millimeter scale
Corks (for test tubes)
Dissecting instruments
scalpel '
fine pointed scissors
small forceps
pair of dissecting pins
Filter paper

Glass funnel

Graduated eylinder (25-50 cc.)

Lens paper

Litmus paper
Medicine droppers (3)
Microseope

glides (3)

scover glasses (12)
Pipette (1 cc.)
Ring stand and clamp
Sewing needles (2)
Stender dishes (3)
Test tubes (12)
Thistle tube
Tooth picks
Watch glasses (3)

Wire gauze

E. Reagents and Solutions

Benedict's Solution
Fehling's Solution

Millont's Fluid
Molisch's Reagent
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APPENDIX II
AIDS FOR MAKING SOLUTIONS AND REAGENTS
 CALLED FOR IN THE COURSE
A. General Instructions for Making Solutions

‘In making the usual type of solution called for, such as a
3% solution of sodium chloride, place 3 g. of sodium chloride in
8 beaker, dissolve, and fill up to 100 g. with water. (In all
cases distilled water will be the solvent used unless otherwise
specified,)
| In making solutions of egg albumin, starch, or other sub-
stances of colloidal nature, put the desired weight of solute
in suspension and fill up te 100 cec. with water.

A molar solution contains 1 gram molecular welght of dis-
solved substance per liter (1000 sec.) of solution: Thus a molay
solution of sodium chloéride would contain 58.5 g. of sodium echlor-
ide in a liter of solution; a M/10 solution would contain 5.85 g.,
a M/100 solution .58 g., etc.

A normal solution contains 1 gram molecular weight of dis-
solved substance divided by the hydrogen equivalent of the sub-
étance per liter of solution, Thus in solutions such as NaOH,
KOH, and others with just the hydrogen equivalent of the msub-
stance, a normal solution is also a molar solution.

The following steps will aid in méking a dilute solution
(in per cent concentration) from a stronger one of & known con-
centration:

1. Take as many co. of the more concentrated solution as

will be the desired per cent strength inm the distilled

solution.
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2. Dilute with water until the volume in cc. eguals the ’
per cent streﬁgth of the original solution.

Thus, if a 30% solution of alcohol is desired, and only a 95%

éolutionris available, take 30 cc. of the 95% alcohol and dilute

it to 95 cc. with water.

'B. Table of Formulae and Molecular Weights
of All Inorganic Compounds Used

i A

S Name df Compound Formula | Molecular Wt.
Caleium chloride...ceeereuans CaClg«6Hs0 219.1
Caleium hydroXideeeeseeoeoee. Ca{ 0H)o 4.1
Carbon tetrachloride........ CCly 153.8
Copper oxide.ciseeereriennns . Cuo | 79.6
COPPET SULDRALE . ceesrarsnaes| CuS0, * 54,0 249,79
Ferric chloride............. FeClz+6Ho0 270.3
Hydrochloric acidesicecvnees HC1 36.5
Jodine.iveeeseeonesearananes I | 263.8
Lead acetate...couevuss.n.. | PO(CoH302)2" 3H20 379.3
Magnesium sulphate......ooee| MgSO4-7HQO | 246.5
Mercuric chloridecscscsscecs Hg012 271.5
MEeYrCUr Y e eoiacuocssonsossnnns He 200.6
Nitric acideseeveniennenenans HNOz 63
Potassium chloride..esess .. KC1 | 74.6
Potassium dichromate........ KaCra0y 294,2
Potassium ferrocyanide......|KyFe(CN)g*3Ha0 422.,4
Potassium hydroxide...ccees EOH 57.1
Potassium iodide.secersieasas KI 186

- Potassium permanganate...... KinOy, 158
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Name of Compound Formula Molecular Wt.

Potassium bisulphate..f..... KHS0, 136.2

‘ S;lverﬂnitrate...........;.. - AgNOg 169.9
Sodium éarbonate (qrystals). Na 5005 Ho0 124
Sodiumgﬁicarbonate.......... NaHCO, 84
Sodiumydhloride,............ NaCl 58.5
Sodium_hydroxide............ NaOH 40
SULPUTLC BCIduseersersesss. Hy80, 98.1
zine sulphate..veeeseeenenns Zns0y * THs0 387.6

C. Reagents and Solutionsl

Benedict's Solution is a modification of the Fehling sol-
ution, superior in that it does not deteriorate upon long stand-
ing. It reacts in the presence of uric acid and yields a
precipitate with surprisingly small quantities of glucose present,
It is made up of the following:

Copper'Sulphate..llll.'l'.l.‘...CCII.I... 17.3 grams
sodium citrate.....II'.....I.I‘Q.......l’l?%.o grams
 Sodium carbonate.cccicevcrcarssassesansssasl00.0 grams
Fehling's Solution 1s composed of two very definite solu-
tions--a copper sulphate solution and an alkaline tartrate
solution--which may be prepared as follows: Copper sulphate
solution 34.65 grams of copper sulphate dissolved in water
and made up to 500 ec. Alkaline tartrate solution 125 gramrs

of potassium hydroxide and 173 grams of Rochelle salt
{sodium-potassium tartrate) dissolved in water and made up

INote: These solutions may be obtained in the prepared form
from chemical supply houses.
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to 500 ¢c. These solutions should be kept in rubber-stop-

pered bo?tlgs and mixed in equal volumes when needed for
use. This is done to prevent deterioration.?

Iodin Solution for starch tests is prepared by dissolving

4 grams iodin and 6 grams potassium iodide in 100 ec. of water.

( This maxwhe diluted still more for delicate starch tests.)

Millon's Fluid is made by dissolving 1 part (by weight)
of mercury with 2 parts (by weight) of nitric acid (sp. gr. 1.42)
and diluting the resulting solution with 2 volumes of water.

The Molisch Reagent is used as a general test for carbo-

hydrates. It is composed of a 15 per cent alcoholic alpha
‘naphthol solution.

D. Comparison of Metriec with English Measures

Length
Metric English
1 meter 39.37 inches
1 centimeter «4 inech
1 millimeter - .04 inch
1 micron ‘ .00004 inch
2.5 centimeters 1 inch
Volume
1 liter 1.05 liquid quarts
1.1 liters 1 dry quart
.95 liter 1 liguid quart
28.35 centimeters kl fluid ounce
16.38 cubic centimeters 1 cubic inch

2philip B. Hawk. Practical Physiological Chemistry, p. 25.



Weight'

1 gram

1 kilogram:
453,6 grams
28.35 grams

80

15.43 grains
2.2 pounds
1 pound

1 ounce



81
BIOLOGICAL SUPPLY HOUSES
The following list of well-known blological supply houses
is suggested, for the convenience of those using this ﬁanual:

Central Scientifiec Co., Chiecago, Illinois.

Chicago Apparatus Company, Chicage, Illinois.

General Biological Supply House, Chicago, Illinois.

Marine Biological Laboratory Supply Department, Woods Hole,
Massachusetts.

Southern Biologlcal Supply Co.y Natural History Building, New
OrTeans, Touisiana.

Western Biological Laboratorieg, Linecoln, Nebraska.
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Longmans, Green, and Go. Ltd.s Londons 1 Four
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to XV.
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A continuation of Part 1. Containg Papers XVI to
XXXVIII inclusive.



83

Maximov, N. A. A Textbook of Plant Physiology. MecGraw-Hill
Book Company, Inec., Londons 1930, 381 pages.

An English translation of a great Russian text.
It is edited by A. E. Murneek and R. B. Harvey,
two authoritative American workers in plant phy-
siology.

Ponder, Bric. XEssentials of General Physiology. Longmans,
Green and Go., New York, 1929, 497 pages.

A very satisfactory textbook for college studenis
of general physiology.

Raber, Oran. Principles of Plant Physiology. The Macmillan
’ Company, New York, 1928, Eﬁﬁu%gges.

A teachable text for elementary students in plant
physiology.

Rosenthal, I. General Physiology of Muscles and Nerves.,
D. Appleton and Company, New vork, 1581, o625 pages.
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the General Physiology of Muscles and Nerves.
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2 pages.
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as a reference by students. ILaboratory course in-
.eluded.

Stewart, G. N. A Manual gﬁ Physiology with Practical Exercises.
W. B. Saunders and Company, PhHilafdelphia, 1900,
Fourth Edition, 894 pages.
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Stirling, William. OQutlines of Practical Physiology. P. Blak-
iston's Son and Co., Phlladelpaias 1001, Third Ed-
ition, Revised and enlarged, 402 pages.

A chemical and experimental physiology'with refer-
ence to practical medicine.

Verworn, Max. General Physiology., Macmillan Co., New York,
’ 1899, Second Idition, 695 pages.

Dealg with the history and method of physiological
regearch, elementary vital phenomenn, and the gen-
eral condlitions of like.
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Williams, Jesse Feiring., A Text-Book of Anatomy and Physiology.
W, B. Saunders Company, Philadelphia, 1924,
523 rages.,

A physiology text for schools of nursing, normal
“ schools and colleges,

Zoethout, William D, A Textbook of gh%gidlogz. The C. V. Mos-~
o by Company, St. LOuis, 1928, Third Edition, 664
pages.

A very teachable book admirably suited to more
advanced students of physiology.

. TLaboratory Experiments in Physiology. The C. V.
WoBEDY ComMpanys St. LOULSs 1928, PAZES .

A detailed and well illustrated laboratory gulde
for physiology laboratory work.
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? INDEX TO EXPERIMENTS

Adsorption,
and staining, 15
at liwuid-liquid inter-
face, 16;
of Congo-red, 15;
of Methylene blue by
charcoal, 14;
of ptyalin by bone char-
coal, 54.

Ameba,
artificial "ameboid"
movement, 13.

Benedict's solution (see
Appendix II), 78.
Benedict's test, 29.
Biuret test, 40.
Brownian movement, 21.

Carbohydrates,
action of alkalies on, 29:
composition of, 27;
identification of, 33.
Cells,
blood, 53
epithelial, 5;
liver, 53
permeability of, 47:
Cellulose,
action of acid on, 32.
Chromatin, 6.
Cleavage by surface tension
changes, 13.
Colloids,

colloid and crystalloid, 19.

Dextrin, 31.
Dialysis, 20.
Diffusion,
negative pole of, 463
through liquid, 46.
Digestion,
gastric, 55;
of cooked starch, 53;
of raw starch, 53.

Emulgifiers, 22.

Emulsions, 22.

Enzymes,
oxidasge, 56.

Fats,
acrolein test for, 37:
saponification of, 37;
solubility of, 36:

spot test for, 36. o
Fehling's solution (see Appendix IT),
Fehling's test, 28. [78.

Heart beat, graphic record of, 64.

Inversion, 29.
Iodine test,
of dextrin, 31
of starch, 30.
Ions, effeect of on phases, 23.

Methylene blue as an oxygen in-
dicator, 68.
Milk proteins, 42,
Millon's fluid (see Aprendix II)
Millont's test, 40. [79.
Molisch's reagent (see Appendix II),
Molisch's test, 27. [79.
Muscles,
relation between stimulus and
contraction, 62;
simple musele contraction, 60.

Nerve conductivity, 65.

Osmosis in living cells, 49,
Oxygen consumption of small ani-
mals, 66.

Plant epidermis, 6.
Precipitation membranes, 49.
Proteins,
precipitation of salts of heavy
metals by, 41;
salting out of, 41.
Protoplasm movement, 6.

Soap, decomposition of, 37.
Starch,
action of acids on, 31
effect of boiling, 303
iodine test for, 30
solubility, 30.
Surface concentration, 15.
surface tension,
at interfaces, 11:
capillary tube method of measuring,
drop method of measuring, 11; [12: |
local surface tension changes, 13. |

Temperature changes, effect of on
heart action of daphnia, &8,

Xanthroproteice reaction, 40,
73123 o






