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CORKICT I04S

Elements, iodine. Be sure to allow the chloroform layer
t0o separate.

Wash the coating off the pill of fexrous

cartonate before dissolving.

Iron compounds.

Salicyletes. The solution of acetylsalicylic 2cid must be
just acid to litmus, to avoid precipibtation

of ferriec hydroxide.

Zxp. 7, p. 2. Substitute strong silver protein for the silverwr

£xp. 10,

Exp. 1l6.

Exp. 17,

B ]

nitrate.

Irritant. Remove the ointment with alcohol aftexr the

observations.

The dose of ouabain should be 0.5 mgm. per dog.

P. &. The dose of acetyl-choline bromide should be 0,01
met., instead of 0.1 mgm. Nitroglycerine should be
injected aftexr the acetyl-choline, instead of after
the posterior pituitary.

p. 1, II, A, Add solubtion #4, 1l para-aminophenol hydro-

chloride.

It is necessary to allow the cadmium sulfate-blood
mixture %o stand several minutes before adding the NaOH.
The filtrate must be colorless. \

Omit the dinitrophenol. Altsrmate groups will give either
vaccine alone, or vaccine snd acetylsalicylic acid.
1. A syphon tube is supplied with the apparatus to
permit changing the solution. The first six solu-
tions are added on top of each other without
changing the contents of the bath.

k.

Instead of yrabvbit uteri, rat uteri will ®e supplied. The
rats will have been injected with diethyl stilbestrol.
The contsnts of the bath should be changed between each
drug.

-



The chtef pursose of the laboraﬁory course 18 to give the
student an op)ortunltv to demonstrate to his ownisatlsfactlon that
bodily functions can be modified by foreign agents, that "drugs do
work,” As it is hoped that the student will-.develop the Taculty of
Judging critically the value of drugs, he should besin to apply 1t
in these ex>erlments. He may be confident that they will yield
results. ) -

The student is already familiar with the use of pharmacolggi~-
cal methods; he has used drugs to study the innervations of skelstal
muscle (Laborstory Outline for Physiology, Exp. 27), the nerve
synapse (Dxp., 42), and the innervation of the heart (BExp. 6).

These observations the student slhould reexamine, indeed throughout
the course in pharmacology, he is referred to his experiments in
physiology and physiological chemistry, He will find that he is
but studying the response of mechanisms with which he is already
familiar to ajents that are foreign to the normal environment., In
this way he will gain information about the organisme and the drug.
Inasmuch as the student will wish to know the practical possibili-
ties of the use of drugs, he will proceed from pharmacology as a

- pure science to its apulicatlons, and will be concerned with
mwterials for the prevention, diagnosis, and treatment of disease.
As ‘much as posaible, drugs of use and value in medicine have been
included, in the hope that the student will find the course to
supply hlm with a basis for therapy.

The conduct of the laboratory will in general be the same as
that of the course in physiology. To insure contemplation of the
experimental resulis and search for their significance, some repori-
ing on the experiments is required. One sct of complete data must
be turned in by eszch group; each situdent will write a brief state-~
ment of his conclusions. These must be handed in at the end of the
. period; they will scrve for discussion of the laboratory work at a
weekly conference, tudents wishing to compose permanent notebook
iecording procedures, data, and conclusions may find it profitable

o do so.

Let not the student be misled by the apparent simplicity of
the directions; they are go to recuire some intellectual effort on
his pari to grasp the meaning of the experiment and its possible IA
outcome by putting questions t¢ bhimself, The resulis obtained wil
often be for from sim.le, but they should be interpreted to the ¢
best of his ability. Needless to say, the outline should be dé
examined before the laboratory is entered, and the phenomena sho
be observed, if not with a comprehending eye, at least an approheénd-
ing one, Touis Pasteur remarked that in the field of expe;lment}—
tion, chance favored only the prepared mind.
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It is imperative that an accurate and complete "protocol” or
clirgnological record he kept during the performance of the experi-~
ment. Fach procedure should be stated in detail and the resulus
noted and written down at the time. All %400 frecuently experiments
are valueless simply because of negligence in recording data. In
certain instances the student will be required to consider nct only
his own data but those of the rest of the class as well. He 1is
urged to do this whenever it is possible, also to consult freely
with the instructor. Vhenever p¢ssible the use of graphic repre-
sentation of data is recommended. Depiction of results in this way
renders them more readily comprehensible. -

Near the end of the course, the students will perform experi-
ments of their own devising. It is hoped that some enterprise and
ingenuity will be exercised. If a source of material needs to be
consulted, the standard laboratory .menuals of Sollmann and Hanzlilk,
Barbour, and Jackson are recommended, or the current literature may
supply a subject. The nature of the eixperiments will of course be
restrictea by the facilities of the laboratory, as well as the
abilities of the student.

Technicue of Injection.

This course should supply practice in the use of the "hypo-
dermic syringe." Iach group will be provided with three syringes
and two each of three sizes of needles. Good care must te taken of
these, and they should be sensibly used. In general, for accuracy
one uses the smallest size syringe compatible with the proccdure.
The size of needle taken depends upon the use; for injections into
an exposed vein, or the rabbit's ecar, the smallest size 1s indicated
The others serve for subcutaneous and intraperitoneal injections.
Wash with water syringe and needle immediately after using them.

Dry them at the end of the period, and keep the wires in the needles

For some experiments, a burette system is used for intra-
venous injections. A straight glass cannula is tied in the vein
and connected by a rubber tube with a burctte. The entire system
must be filled with saline, to the exclusion of air, before un-
clamping the vein., Injections are mzde with syringe and needle
into the rubber tube, then washed in with saline, or lar¢e volumes
can be injected via the burette itself. It is advisable to allow
small amounts of saline to run in from time to time to prevent
Clottingo :

Refer to the Outline for Fhysiology on laboratory technique,
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Lecturcs

A, Historical Development of
Modern Pharmacology
Chemisiry of Drugs
Relntion of Chemical
Congtitution to Phormza-
cologiczl Action
The Noture of the Action
of Drugs. Quintit=tive
Aspects of Drug Action
(1) Administration, Ex-

cretion, Detoxi-

fication

Response to Drugs,

Animal Varintion,

Constitutional

Factors, Drug
Allergy

8 Lectures

(2)

B. Drugs Used in Diagnosis
of Disense

2 ILsetures

Drugs Usecd in FPrevention
of Disease
Vitamines. Antiseptics.
6 Lectures

Drugs Used in Treatment
of Dissease
Etiot.'opic Agents
Chemotherspy of Malaria,
Syphilis, Amebiasis,
Helminthiasis, Ieprosy,
Tuberculosis

Locally Acting Drugs
6 Lectures

Drugs Used in Tre=tment
of Disease
Organotropic Agents

Pharmacology of the

Nervous System
Alcohol. General
Anesthesia.
Stimulants. Tocal Anes-
thetics., Anzlgesics,
Opium Alk=loids.

14 Tectures

Hypnotics,

Laboratory Fxperiments Demonstrations

1.{(Chemistry of

2. (Drugs Chemistry of
Drugs
3. Determination of
Toxicity and Bio~
ussay
4. Absorption of Drugs
5, Excretion of Drugs
6. Acidifying and
Alkalinizing
Substances
Dinsgnostice
Drugs
7.) .
Antiseptics
8. )
9. Anthelmi.ibtics and
Trypanocides
10, Loecally Acting Drugs
11. General Anesthesia Absorption of
Inhalation
Anesthetics
12. Alcohol and Caffeine
Cardizc
13. Centrnl Nervous and  Syncope in
Periphernl Neuro- Anesthesia

muscular Systems
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14. Local Ansestheties Toxieity of
Local Anesthetlcs

Action of Morphine
anu kKelated Wrugs
fharmucclo,y of the

Somatic Neuromuscular

System.

Introduction to the Types of
Pharmacology of the "Autonomic”
Visceral (dutonomic) Drugs

Hervous System.
Pharmacology of the 15. Analgesics. Nasal

Qirculation. Mucosa
Digitalis. 18. Digitalis in Cardiac
Xanthine Derivatives, Disease.

17. Drugs Affecting the
8 Lectures Heart.

18, rupil Drugs. Secretion
of Swegt znd Saliva.

harmacology of 19, Respiratory Drugs.
Kespiration, 20. Bronehial Drugs.  Bronchial Asthma;
External and Internal, Anaphylaxis
Gaseous Metabolism. 2l. Blood Cells and
Carbohydrate Lietabolism. Hemoglobin
Heat Formation and 22, Carbohydrate Metubolism
Transfer. 23. Oxygen Consumption
Blood Formation 24. Antipyxretics
Hemoglebin
6 Lectures
rhaxmacology of the 25, Smooth Muscle of the
Digestive System. Intestine.

26. Diuresis.
4 Iectures

Pharmacology of Excretory

Systems: 8kin, Kidney,

Water Balance. Mainte-~ 27. Edema., Antiduresis.

nance of Blood Volune.

Edema, Cerebrosg.,inal Pressure of Cerebro-
Fluid. ' : spinal Fluid.

2 Lectures

Pharmacology of the Sex
Organs, 28, Uterine Drugs.
Hormones. :

2 Iectures



Exp. 1. Elements, iodine. Be sure %0 allow the chloroform layer

- to separate.

Iron compounds. - Wash the coating off the pill of fexrous
carbtonate before dlssolv1ng.

Experlment 1
THE CHEMISTRY OF DRUGS

4 Students

The many chemica2l compounds used in medicine fall into several
distinet chemicsl groups which are determined by the presence of an
important common chemical structure. In this experiment the charac-
teristics of each of these groups will be determined so that they
may be applied to any new compound that may later be encountered.
Another object of this experiment is to emphasize the importance of
correlating chemical structure with chemical and pharmacological
action. For this reason the student should write out the structural
formulas for the reactions which take place. Fach student should

perform as many of the experiments as possible, and must see the
essential step in those he does not do.

Elements.,

While such elements as iron, iodine, and mercury are administered as
such, they are changed in the body before they are effective.

1. Examine 2 thin smear of mild mercurial ointment,
U.S.?. XI under the microscope.

2. Add a few drops of a solution of iodine in alcohol
to & c.c. of artificial gastric juice and allow to
stand for 30 minutes. Add 5 c.c. of chloroform
and shake until all the iodine is in +the chloroform
layer. Decant some of the supernatant fluid into a
test tube, add a few drops of hydrogen peroxide and
a-few drops of starch solution. 4 blue color shows
the presence of iodide.

5. Add a small amount of reduced iron U.S.r. XI to
artificiel gastric juice, mix and let stand for 10
minmates. Test for ferrous and ferric iron as
follows., Divide the supernatant fluid into two
portions., To one add a few drops of 1% pot3381um
ferrocyanide and to the other a few drops of lﬁ
potassium ferricyanide. Potassium ferrocyanide
gives a deep Prussian blue precipitate with ferric
iron and a white precipitate with ferrous iron.
Potassium ferricyanide gives a Prussian blue
precipitate with ferrous iron and a clear brown
solution with ferric 1ron.



Experiment 1, p. 2

Inorganic Compounds.

Compounds of the alkali and alkaline earth metals.

Compounds of this type are ussd either for their osmotic effect,
such as shown by sodium sulfate, or to meutralize gastric acidity.
In “he latter group, the neutralizing power and possibility of
absorption of the base {with corresponding danger of alkalosis)
are vhe most significant consiuerations.

1, Titrate with N/1 HC1l, using methyl orange &s an
indicator, 1 Gm. samples of each of the following:
{a) Lig0 (b) NaKCOg (o) CaCo,

2. Refer to the Outline for Physiology for the ab-
sorption of soluble magnesium and calcium salts.

3. Shake artificial gastric juice with MgO, CaCOy4,
and lakCO«, enough of each to give a solid excess,
and determine the rezction of the fluid to litmus,
phenolphthalein, and congo red.

Iron Gompounds..

There 1s considerable evidence that ferrous iiron is the only ef-
fective form of iron in anemia. Ferrous compounds are easily
oxidized to ferric compounds in the air, so that keeping an
effective iron preparation is difficult. Due to their tendency
to react with protein and their acidity, many iron compounds are
irritating.

1. Refer to the experiment on reduced iron under
elements.

2. Dissolve a pill of ferrous carbonate U,S.r. XI
in dilute HC1l ana test the solubion for ferious
and ferric iron.

3, Test the effect on egg albumin of: -
(2) 1% ferric chloride (b) 10% ferrie ammoniwm
citrate

4, Add a arop of ferric chloride to 5 c.c. of water
and determine the reaction to congo red and litmus.
Repeat using iron ammonium citrate.



Experiment 1, D

ercury.

Mercury is a typical heavy metal which forms two series of
compounds, mercurous and mercuric. There are essential
differences between the two, such as seen in the relative
‘solubility of the chlorides. Both types are readily reduced
to mercury vy reducing agents, precipitate proteins, and form
oxides with dilute alkalit. However, the insoluble mercurous
chloride in an alxaline meuaium is Dar+ly reuuced to metallic
me reury and partly oxiiized to mercuric oxide. The latter
compound is soluble enough to give Sufflcleﬂt mercuric ions
for absorption.

1. Aad to a solution of egg alvumin some saturated
solution of mercuric chloxide.

2. Test the relative solubility of mercuric and
mercurous chloride in water by adding to a
saturated solution of each a few drops of solu-
tion of sodium sulfide,

6. add a few ce. of saturated mercuric chloride to
(a) 10% solution of sodium thiosulfate; (b) 10%
solution of sodium sulfoxalate formaldehyde.

€1



» ' ) 7 i i id must be
p. &. Salic letes. The solution of acetylsalicylic 3acld :
Expe d. y just acid to litmus, to0 avoid precipitation

of ferrie hydroxids.

Experiment 2
THE CHEIMISTRY OF DRUGS (Continued)

Orgzanioc Compounds.

Alcohols.

The toxicity of a compound may not be due to the compound itself,
but to substances formed when it is oxidized in the body. The
hydroxyl group of the alcohols is the easiest part of the molsecule
to oxidize so that they are converted into the corresponding
aldehyde and acid in the body. In this way the polyhydroxy alcohol,
ethylene glycol, is oxidized to the toxiec oxalic acid. The
oxidation products of alcohols also serve to identify them.

1. Plunge a hot copper wirs into a test tube of 10%
methyl alcohol and smell the vapor given off,

2, Add u few cc. of dilute sulfuric acid to 5 coc. of
10% ethyl alcohol and 2-3 cc. of sodium dichromate
solution. Heuat to boiling and note the odor of
acetaldehyde.

3. To 1 ce. of 10% ethylene glyecol add & cc. of conc.
nitric acid. Boil gently for five minutes. Cool,
make alkaline with ammonium hydroxide and add a
few drops of calcium chloride solution. Note the
precipitation of calcium oxalate.

Alkyl Halides.

The toxicity of some alkyl halides is concerned with the ease with
which the halogen is split off.

1. To 1 ec. of carbon tetrachloride add 5 ce, of N/1
NaOH and boil for ome minute., Acidify with cone.
nitric acid and add s few drops of solution of
silver nitrate.

Phenols.

The activity of phenols, both chemical #and pharmacological, is great-
ly modified by replacing the hydrogen with an aliphatic radiesl. A
simple example is the methyl ether of phenol; for others see the
salicylates, below.

1. Add ferric chloride solution to:
(2) aqueous phenol (b) phenol methyl ether in alcohol
(e} resorcinol (¢} epinephrine

2. Determine the approximate pH of an agueous solution of
phenol, with litmus and congo red.



Experiment 2, p.'z
Salicylates

In acetylsalicylic acid, the phenolic OH is muzzled by acetylation. It
is important to know 1if the sodium bicarbonate which-is oftten. given with
acetylsalicylic acid might hydrolyze this compound,

Test an aqueous solution of salicylic acid with ferric chloride.

Dissolve 1 Gm. of acetylsalicylic acid in 20 cc. of 10% solution of sodium
bicarbonate. Take half of this, make just acid to litmus with dilute HC1
and add solution of ferric chloride, Boil the other half for three minutes,
eool, make just acid to litmus, and add ferric chloride,

Tannine.

The tannins are organic acids occurring in the bark and leaves of trees.
While they are of uncertain composition, they have the common property of
being strong reducing agents, forming insoluble compounds with protein
and forming dark blue precipitates with iron compounds. They precipitate
some but not all, heavy metals, glucosides and alkasloids, One product

of acid hydrolysis is tri-hydroxy benzoic acid, which explains its strong
reducing power and reaction with iron. \

The following btests illustrate these properties:
Add 2 cce of 1% tannic acid to the following:
(a) egg albumin (d) 5% mercurie chloride

(b) 10% ferriec chloride (e) 5% lead acetate
(¢) Benedict's solution (heat to boiling)

Glucosides

Glucosides are complex compounds occurring in nature which yield glucose
on hydrolysis. This hydrolysis can occur by heating with dilute acid,
alkal’, or by the action of a specific enzyme.

Test tincture of dipitelis with Benedict'!s solution.



Experiment &, p. 3
Alkaloids.

The alkaloids are basic substances occurring in plants. Many are
very active pharmacologically. They have the chemical property in
common of being precipitated by certain agents, but have widely
different chemical structures, some being aliphatic and others
aromatic compounds. Some being extremely potent poisons, are of
great toxicological importance, and the student should look up the
specific tests for individual members of this group when they are
studied in more detail in later experiments, Only their gensral
chemical properties will be considered in this experiment.

1.

Sclubility in
Substance Water 0H013 Alcohol

Procaine Base

Procaine Hydrochloride

Determine solubility by placing a few crystals on a watch
glass, and add the solvent drop by drop until solution
occurs. Record the number of drops.

&. To 2 ce., of 1% procaine hydrochloride solution add a few cc. of:

(a) ILugol's solution d) Picric acid
ib) Mayerts reagent e) Tannin
¢} Phosphotungstic acid (£) Potassium permanganate



Experiment 3
BIOASSAY: DETESRMINATION CF TOXICITY

Phe toxicity of a substance refers {o its Tower to endanger or
destroy 1ife; it is a feature of importance foremsisally and in
therapy. In either case, it is necessary to have knowledge of the
gualitative and quantitative aspeects of this toxicity. We must be
able to recognize the symptoms of the intoxication, and we should
know the amount which is likely to produce it, or cause death. The
expression "minimal lethal dose" is often used as a single index ef
toxicity, but this has long been a poorly defined entity, and is
manifestly only a partial index of toxicity. A basic cause fox this
is the vuriation among inaividuals of a species in the resistance to
a toxic agent. The student siould refer Lo a later experiment

(No. 15) for mention of the importance of this Ffactor, and sources
of ianformation on it.

For the purposes of this experiment, the cluss will determine experi-
mentally the dosage range in which a potent alkaloid, strychnins,
will cause death. Yhat has been cslled a "characteristic curve" of
the quantitative reaction of mice to varying amounts of strychnine
will be determined. Groups of animals will be injected with a range
of aoses, and the percentage mortality at ‘each dose observed.  From
these values the LDsp or median lethal Gose can be arrived at, but
the student will also be interested in the "spread” of the curve, as
this indicates at what fraction of a certain lethal dGose will toxic
reactions possibly fatal be encountered. The mice used in this
experiment should be injected intraperitdéneally, using the tuberculin
syringe. The range of dosage should be 1 to 5 mgm. per kilo.
Systems of intoxication should be carefully identified.

To Isolate, Identify, and Quantify a rotent Toxic Agent,

This exercise makes use of the preceding experiment for forensic
purposes.  Suppose an instance of a serious intoxication, with
symptoms resembling those of @trychnine poisoning, resulting from
ingestion of a prepared powder., Our problem is to isolate the
‘toxic agent, if any, to identify it, and measure its quantity. As
we suspect strychnine, we may proceed on the assumption. Each
group of four students obtains one of the powders, consisting of
about 1/2 gram of crystalline material. This is dissolved in 60 cc.
of water. Take off 10 cc. and test part of this with Mayer's re-
agent (poteassium mercuric iodide, useful for alkaloids as a group).
This will suggest the presence or absence of an alkaloid. Care-
fully taste some of this solution.

Put the remaining 60 cc, in a separatory funnel and add 1 cc. of
concentrated ammonium hydroxide, and test with litmus paper to make
sure the solubtion is alkaline. (This step will liberate an alka-
lcidal base from its salts, Add 5 cc. of chloroform, shake, allow

to settle, and separate off the chloroform layer., Repeat the ex~
traction with 4 ca, more of chloroform, combine the chloroform
extracts and make up to 10 co, with chloroform. This should contain
nearly all of any.alkaloid that was presend.



FExperiment 3, p. 2

Take 5 cc. of this and set aside. The remaining 5 cec. is evapo-
rated Just to dryness on a water bath. Dissolve the residue in a
few drops of dilute hydrochloriec acid. (This converts an alka-
loidal base to the HCl salt.) Evaporate this to dryness. Ordi-
narily the weight of the contents would now be determined. Accept
this as done and the weight to be 5 mgm. The contents of the dish
are now carefully dissolved in water %?r 0.9% HaCl), the dish
being rinscd several times. Make up this volums to 25 ce. If the
weight was 5 mgm., then each cubic centimeter = 0.2 milligram (of
strychnine hydrochloride?).

In the meantime the other 6 cc. portion of chloroform extract
should have been evaporatsd to dryness on the water bath. Mix the
contents with a few drops of concentrated sulfuric acid, then drag
across the dish a small crystal of potassium dichromate. Is the
Yfading purple test" positive?

The unknown potent substance has been tentatively chemicallg
identified as an alkaloid, strychnine., We now resort to a "bio-
assay" to give us pharmacological evidence of the nature of the
substance, and the amount of it present. The material isolated is
likely to be the pure substance. Its weight is known, so we may
attempt immediately to determine quantitatively its toxicity. As
the point of the previously found toxicity curve that is deter-
mined with greatest accuracy is the LDgg, We now inject a group
of micoc with an amount of our solution expected to produce a 50%
mortality. If this confirms our chemical assay and shows us the
syndrome of intoxication that we have recently studied, ourxr
evidence will be completc.

To calculate the amount of substance in the original sample, it is
necessary to multiply the determined content of the final 25 cc.
sample by two (the chloroform extract was divided in two), and to
multiply this figure by 1.2 (the original sample was in 60 cc.,

of which we took only 60).

¥hat was the dose taken? What rolation to the usual therapeutie
dose had it? Is this likely a fatal dose?



Experinent 4
ABSORPTION AND DISTRIBUTION OF DRUGS:
DETERMINATION OF VOLUME OF THE FILUID COMPARTMENTS OF THE BODY

In 2 barbitalized uog, insert a tracheal cannula. Isolate an ex-
ternal Jugular vein end ecmnulate the central end. Connect this
with a burette containing ensugh saline to £ill the cannula and
tubing. Isolate a carotid artery, ligate it twioce peripherally,
and ocut between the ligatures. Insert a straight bleeding camnula,
and ellow blood to flow directly from the end of the cammula into

a B0 cc. centrifuge tube containing dried oxnlate to prevent
clotting. Ttke approximstely 20 cae. of blood, then mix this with
the oxalate by placing the hand sver the end of the tube and slowly
inverting the tube until all the oxalnte is dissolved and mixed
with thce bdlood. It is of the utmost importance to avoid hemolysis.
The tube should n>% be shaken vigorousiy. The blesding cannule
should be rinsed by menns of & syringe and necdle with saline so2lu-~
tion, 80 that it is completely free from blood. Measure in a
gracuated cylinder exagtly 10 cc. per kgm. of body weight of =
gaolution containing 10 mgu. of T-1824, 2 gn. of sodium bromide, and
0.5 gm. of sulfanilamide per 100 cc. Inject this intravenosusly by
neans of the burette, rinsing the cylinder and burette with a small
volume of saline soslution. Thirty minutes sfter this injection,
take another 30 cc. sample of blood in similar fashion, but wasting
the first few drops of blorod that flow from the cannula. "The two
blood samples are centrifuged (Instructor) and adout 10 cc. of the
plasmas are drawn by mouth suction into the small flasks provided.
Avoid drawing any cells into the plasna.

Two students proceed with the annlyses ag described belnow, while
the others arrange for the recording of arterial pressure on a
kynograph, and nske inj)ections of epimephrine HCl, U,S.P., 0,006
men, per Kgm. ’

1, Into the jugular vein, injeeting it into the rubber
tubing with syringe and necdle,; washing it in with
s82line solution.

2. By locel application to the sublingual muocosa.

3, Into the exposed stomach with syringe and nsedle,

4, Into the exposed small intestine with syringe snd
needle.

6. Ints the splenic vein, with syringe and needle.

6. Into the urinary »ladder with syringe and needle.

Now, apply loeally t7 the sublingunl muoosa,

7. Spirit of nitroglyecerine, U.S.P., b drops

8. Nicotine alksloid, 10% solution, 5 drops
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Experinent 4, p. 2

Detormination of T-1824. With @ transfer pipette, put 5 cc. of
the undyed plasma inbo a photometer tube, and add 5 cc. of 0.9%
FaCl. This serves as a blank. Pipette 5 cc. of the dysd plasma
into andothex photometor tube, 2nd add 5 ce. of O. 9% NaCl. Mix.
Compare photometrically 2t 620 millimicre and read the dys concen-
tration from the standard curve.

Deverminntion of Sodium Bromide. It is necessary to prepare a
protein-free filtrate, which is used f£or the determination of
both bromide 2nd sulfanilamide. Of the second, post-injsction
sample of plasma, 2 cc. are added with a transfer pipette to
18 cc. of 5% trichlormcetic acid in » small flask. Mix, let
stand 10 minutes, and filter through paper,

Of this filtrate, put 5 ce. with a transfer pipette into a
photometer tube, snd add 1 ce. of 2 0.5% solution of gold
chloride. Mix, nnd read in the photometer. Deternine the
concentration frou the standard curve.

-

Detcrmination of Sulfznilamide. With 2 transfer pipette, put

5 Gc. of bthe above-mentioned btrichloracetic acid filtrate in »
photometer tube. Add 1 ce. of 8N HCl, and mix. 4Add 1 cc. 0.1%
sodium nitrite, nix, let stand minutes. Add 1 cc. sulfamate
solubion, mix, let staend 2 nminutes. Add 1 cc. Haphthyl-othylene
diamine solution, mix, let stand 10 minutes, and read in the
photometer at 540 millimicra. Dotarmine the coneentration from
the strndard curve.

Caleulotions.

S = milligrems injected
Volume occupisu by substonce STTTTar g Dor cég T

Volume oceupied by T-1884 = plasma volume = CG.

u

Volume occupied by NeBr = extraccllular fluid CGC.
Volume occupied by sulfanilamide = body water = cc,
Interstitial fluid = extracellular fluid - plssma volunme ® cC.

Intracelluler fluid = body water - extracellular fluid = ce.
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Experiment 5
EXCRETION OF DRUGS

Ascorbic Acid. Thc percentage of a test Gosc of this substance
thnt appcars in the urine is claimed to give an indication of the
subject's snturntion, snd thus the adequacy of his intske of
ascorbic acid. Sinee a saturated individual shows most rapid ex-
eretion within four hours, this period is taken hers.

Proccdure. At a suitadle time during the morning, the urinary
blaccer 1s emptied, and 10 milligrans per kilogram bady weight of
ascorbic acic are taken by mouth, with some water. If possible,
n? urine is passed until four hours after the ingestion of the .
agscorbic aeid. When the yrine is collceted, 15 cec. of it are
dilutcd with 15 cce. of 10% phosphoric scid, which serves as a
proservative. The total volume of urinc is also measured, in
orier to calculate the totnl amount of ascorbic acid excroted.
Detormination. This depends on the fact thot dichlorobenzensonc-
imdophenol, which has o red ¢2lar in its acid form in a xylene
snlution, is extracted from this golution (and refuced to the
colorless form) by solutions eontaining ascorbic acid.

Pipette 1 cc. of the diluted urine into the large centrifuge tube
provided, and add 15 ce. of 0.03N HCl. Pipette in exnetly 10 cc.
of the xylene-dye solution, inscrt n rubbex stopper, and shake
vigorously for oxactly 15 seconds. Remove stopper, centrifuge
(instructor), pour some of th¢ xylene layoer into n photocomparator
tube, and read in the comparator at 540 millimicra. This instru-
ment has been adjusted to zero with xylene, and the dyc solution
hes been adjusted s> that its reading is 150. Therefore, if
ascorbiec acid is prescnt, a reading betwecn 0 and 150 will be ob-
teined, as scen in the standarld curve. The determination is most
sntisfactory if the sample contains 0,01-0.06 mgn. of ascorbic
acid, therofore, the 50-50 urine~phosphoriec acid mixture should
be diluted with 5% phosphoric acid sa that the concentration of
the 1 ec. sample used in analysis is in that range. From the
concentration in the finally satisfacetory sample, the various
diluticons, and the volume of urine, the amocunt of ascorbic acid
oxorcted in four hours is calculated. Thc porccntnge which this
1s of the test dose is entercd in the table provided.
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Experiment 5, p. 2

Sulfanilamide. This and related compounds are excreted in the urine in the
free form and in the form of conjugates.

At 7 AM, on the day preceding the determination, the subject empties the
urinary bladder, and takes 1 gm. of sulfanilamide by mouth. Urine is collected
for 12 hours subsequently, to form the first sample, and for the next 12 hours,
to form the seeond sample. The volumes of the two samples are measured.,

Determinacion. Free. Pipette 2 cc. of urine into 98 cc. of distilled water
and mix thoroughly. Pipette 5 cc, of the diluted urine into a photometer tube,
and follow the method as outlined in Experiment 4.

Total. Pipette 2 cc. of urine into a test tube., Add 1 cc. of
2 N HC1 and about 7 cc. distilled water. Heat in a boiling water bath for
1 hour., Transfer contents of tube quantitatively to a graduated cylinder, and
dilute to a volume of 100 c¢, Mix thoroughly. Pipette 5 cc. into a photometer
tube and proceed as for "Free." o

Calculation. 1. Free sulfanilamide, mgm, per 100 cc. urine.
2. Total sulfanilamide, mgm. per 12 hour period.

3. Per cent free, per cent conjugated in each 12 hour period.
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lodide and Bromide. - The rate of excretion of these in the urine differs marked-
ly. At 7 ‘.M. on the preceding day, the subject takes 0.3 gm, of potassium
iodide or potassium bromide. All of the urine passed in the following 24 hours
is collected and saved, and its volume measured.

Procedure. The total urinary halides are precipitated as silver salts, The
iodide (or bromide) is then oxidized to iodate (or bromate) by sodium hypo-
chlorite. After the excess hypechlorite is reduced by sodium formate, potassium
iodide is added and is oxidized te iodine by the iodate (or bromate). The
iodine is then titrated with sodium thiesulfate.

Pipette 5 cc, of urine inte a flask, and add 25 cc. of 10% nitric acid. 4dd

drop by dreop, with gentle shaking, 7.5 % silver nitrate until no further precipi-
tation eccurs (not more than 3 cc. will be needed). Let stand for 30 minutes,
then filter off the fluid with the filter stick and suction. Wash the precipi-
tate with 25 cc. 1% nitric acid and filter this off. To the precipitate, add

5 cc. of 4LO% sodium acid phosphate, and 10 cc. of sodium hypochlorite solution,
Bring to a boil over a flame, shaking occasionally. Add 10 cc. of 50% sodium
formate, running it down the sides of the flask, and mixing thoroughly. Bring
to a boil again, with occasional shaking. Rinse down the sides of the flask
with 10 cc. of water and bring to a beil again. There must not be an odor of
chilorine at this stage. Filter the contents through paper into another flask,
rinsing the first flask and the filter with two 1Q cc. portions of water. Coel,
Add 50 cc. ef 6N sulfuric acid and 5 cc. of 20% potassium iodide. If a brown
coler does not appear immediately, add starch solution as indicator and titrate
immediately with 0.02N sodium thiosulfate, If a brown coler appears, titrate
immediately with sodium thiosulfate until the brown coler has almost disappeared,
then add starch solution and finish the titration.

It is necessary to run a blank determination on the reagents, beginning at the
point of adding the sodium acid phosphate. This value is subtracted from the
other det-rminations. It is suggested that this blank be done first.

Calculatien. The amount ef potassium iodide in mgm. in the 5 cc, sample is
obtained by multiplying the cc. of 0.02N sodium thiosulfate by 0,55, For
potassium bromide, multiply by 0.40.

Report as mgm. excreted in 24 hours.,



Experiment 6
ACIDIFYING AND AIXALINIZING AGENTS

One student serves as the subject. The total output of urine is
collected for two successive 24-hour periods, as follows. On the
morning of the secnnd day preceding the laboratory periosd, the
morning urine is discarded, and urine passed during the following
24 hours is collected, including the moraing urine of the first
day before the laboratory period. This constitutes the contrcl
sample. The urine passed during the following 24 hours, including
the morning urine of the day of the laboratary period, constitutes
the experimentnl sample. Each should be kept in brown glass
bottles containing some toluene as preservztive, with the bottles
kept tightly stoppered and refrigerated when possible. The food
intake during these days should be as constant as pcssible. The
subject takes one of the following substances on the second day of
urine collection.

1. Ammonium chlsride, NH,Cl, mol. wt. 53.5.
Take eight tablets, 0.325 gm. each, nfter each (3) meal and at
bedtime. Total = 10.4 gm. NH,C1l or 194 milliequivalents CI™.

2, Calcium chloride, CaClge2H;0, mol. wt. 147.
Take 10 ce. of solution containing 3.7 gm. in a glass of milk
at each (3) meal and at bedtime. Total = 14.7 gm. = 200 milli-
equivalents Cl .

3. Sodium chloride, NaCl, mol. wbt. 58.5.
Take five tablets, 0.65 gm. each, after each (3) meal and at
bedtime., Total = 13 gm. or 228 milliequivaleats.

4. Sodiun bicarbonate, NaHCOg, mol. wh. 84.
ake twe tablets of 2.1 gh. each, after each meal and at
bedtime. Total = 16.8 gm. = 200 milliegquivalents Na*,

6. Sodium citrate, N&306H50 *2Hp0, mol. wht. 294. '
Pake eight tablets, 0 Bg egn. each, after each (3) mgal end at
bedtime. Total = 20.8 gm. = 211 milliequivalents Ne .

Determinations. The volume of esch 24-hour sample is measured,
and the following determinations and calculations made.

Bydrogen Ions. The pH of the urine is measured with the glass
electrode, with the assistance of the instructor.

Total Base. For this determination, adventage is taken of the
fact that a synthetic resin, when treated with a salt solution,
exchanges hydrogen ions for the cations present. Therefore, the
difference in hydrogen ions before and after such treatment is a
measure of the total base.
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Proccdure. To exactly 1 ce. of urine, add 10 ce. of water,
1l drop of phenolphthnlein indicator, and titrate with 0,02 N
NaOH. This value = A,

Pipette exuetly 1 ce. of urine into the top of the tube containing
the resin, srranged so thnt the fluid rumning through will drip
into 2 smoll flask. Follow with 10 cc. of water, woshing all of
the urine sa2mple through the resin into the flask. The small
amount of fluid remnining in the resin tube after drainnge has
ceascd is ignored. Add 1 drop of phenolphthalein indicator to

the cont%nts of the fla2sk 2nd titratc with 0.02 N NaOH. This
vdalue = B.

Crlculation. 20 x (B cc. ~ A ce.) = milliscquivalents per liter.

Azmonia. Procedure. The ammonia is nerated into standard acid,
and the remaining 2cid is titrated. Inspeet the serator and
connect it so that the air bubdbles first through the tube marked’
"arine" and then through the tube marked "acid."™ It is necessary
that these tubes not be interchanged. There must also be no
leaks. Into the tube marked "urine™ pipette exactly 5 cc. of
urine, and add a2 drop of caprylic alcohol, Into the tube marked
"acid" pipette exactly 25 cc. of 0,02 N hydrochloric acid, and
add 2 drops of methyl red indicator. Add to the urine about 10 cc.
of saturated solution of potassium carbonate, stopper immediately,
and turn on the air slowly at first, for two minutes, then more
rapidly, but not rapidly enough to splash liquid out of the tubes.
Continue the aeration for 15 minutes. Disconnect the tubes, pour
the contents of the neid tube into a flask, snd rinse this tube
and its bubbler into the flask with water. If the color of the
indicator is now yellow, instend of recd, the determination must be
repented with 2 cc. of urine instead of b cc. If the color is
red, titrate with 0.02 N NaOH to a yellow color. This titration
value = A, Wash the tubes and budbblers thoroughly before the next
Getermination. It is desirable to do this determination in dupli-
ate. '

Calculation. B = value of blank determination on the reagents
alone, reported by the instructor.

4 x (25 - A ~ B) = milliequivalents of ammonia per liter of urine.

Chloride. Procedurc. This determination rests on the fuct that
mercuric chloride ionizes poorly and mercuric nitrate ionizes
woll. Diluted urinc is titrated with mercuric nitrate, in the
presenceé of an indicator which develops & violet color in the
presence of mercuric iosns.

Pipette exactly 1 ec. of urine into 2 small flask and add exactly
9 cc. of water. Mix, nnd pipette exactly 2 cc. of this diluted
urine into another flask, and add 2 drops of 0.2 N HNOz, 2 drops
of 30% Hp0p, and 2 drops of Qiphenylearbazone indicntor. Titrato
with mercuric nitrate sslution from a burette until a permanen?
violet color appenrs. This value in cc, = A, This determination
should be done in duplicate, -
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Calculation. A x factor of mercuric nitrate solution =
milliequivalents Cl per liter of urine.

HCOz. This value is not determined, but is calculated from the pH.
The HpCOz content of urine is closely equivalent to the HpCOz
content of plasma. This is rather closely regulated by the body,
and we shall assume that it does not change during this experiment,
and that the HpCOz content of urine is normally 1.8 mllllequlvalents
per liter. The Henderson-Hasselbach formula states that

EHCOg

H = + lo
.

Substituting and solving for BHCOg,
BHOOg (or HCO5 ) = 1.8 x 10PE ~ 1 pijiiequivalents per liter

By inspection, it will be seen that this will te very small in acid
urine.

Ireatment of Data. Diagram the electrolyte composition of the
control and experimental urines, with adjacent rectangles for
positive and negative ions. Make two such sets, one for the concen-
tration in milliequivalents per liter of urine, and one for total
milliequivalents in 24 hours. Subtract the total output for the
control period from the total output for the experimental period,
and compare this difference with the amounts ingested.

In the construction of the diagrams, the total concentration of
cations (and also ef anions) is fixed py the value for total tase.
The difference between this and the NH4"is the concentration of
fixed base (Na, K, Mg, Ca, etc. ). The total for anions is composed
of C1~ (determlneql HQ.Z (calculated) and the remainder, of
organic acids, S04 ,PO0, , etc.



wxp. 7, p. 2. -SQESJqu+e strong silver protein for the silver
nitrate.

Anperiment T
ANTISEPTICS

Skin Disinfection

The ideal -skin disinfeetant is one-which jis penetrebing, rapid inﬂ
its action, and non-irritating. In the experiment the afficisnay wf.
gsome procedures used to disinfect the—skin before surgery will be——
compared. The method is that of Novak and Hall, Surgery H: 560,

19392, - - '

The experiment is performed by pairs of students, one serving as the
subject. Two corresponding areas of skin, preferably devoid of hair
are selected in the right and left hypochondrium. One area serves
as a control, the other is treated as below. To the control area,
and to the other after preparetion, a small plate of blood agar ig
applied for 15 minutes, being held on by adhesive tape. The plates
are then returned to the large Petri dishes and incubated at body
temperature for 48 hours, at which time the colonies on each are
counted. The two plates should be the same size and should be
handled carefully to avoid contamination. The procedures- are;

L, 1. Control area. '
2. Wash three times with a sterile gauze. thumb sponge- and
'sterile physiological saline solution, taking a new
sponge each time. Dry with a new sponge.

B, 1. Control area. . '

2. Scerub one minute with Liniment of Soft Soap U.S,F., on a
sterile sponge, and follow with three washings with sterile
physiological saline, taking a new sponge each time. Dry
with a new sponge. :

C. 1ls Control area. ,

2. Apply the solution of alcohol 50%, acetone 10%, three times
with sterile sponges, allowing to dry each time. Follow
with three washings with sterile saline, taking a new sponge
each time, Dry with a new sponge.

D. 1. Control area.

2. Apply three times with sterile sponges the following anti-
gseptic solution, allowing to dry each time. Follow with
three washings with sterile salinse, taklng a new sponge
each time., Dry with a new sponge,

- Alcohol, 95% : 525 ce.
Acetone 100 cc.
Water 375 cc.
Iricresol 5 oc.
Mercuric chloride " 0,7 gm.
Acid fuchsin : 0.08 gm.

The results of all experlments shoula be recorded in the tables_pro—
vided. A
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The Disinfection of lMucous Membranes

This experiment determines the effectiveness of various agents
used for this purpose. The four parts ere divided among the four
members of each group.

Flace a plug of absorbent cotton above the upper lateral incisor
betwesen the gum and the upper 1lip to keep the gum dry during the
experiment. Dry the gam with a cotton swab. Paint the dried area
of the gum and well down on the teeth with the following agents
and allow to dry for five minutes. Take a flamed wire loop and
insert it well under the gingival margin, and inoculate this into

a tube of peptone broth. Incubate at body temperature for 48 hours
and examine for growth. Record all results in the tables provided.

A. Solution of Gentian Violet {Methylrosaniline chloride, U.S.P%)
lcg

4

B, Mild Tincture of Iodine, U.S.Fr.

C. Solution of Silver Nitrate, U.S.P. 5% (!! NOT ON PORCELAIN
INLAY!!

D. Saturated solution of Sodium Perborate, U.S.P,




Experiment 8
ANTISITICS, IT

The four parts of the experiment are aivided among the four members
of the group.

A, Mandslic acid. The subjsct is preferably on a ketogenic diet,
and should limit nis fluid intake on the day preceding the experi-
ment and the day of the experiment to one liter. At 6:00 P,I, on
the preceding day, and at 8:00 and 10:00 A.M. and at noon of the
day of the experiment, he will take 2 gm. of ammonium chloride,

At 1:00 #.M. he will take 2 gm. of mandelic acid and empty his
bladder into a sterile flask, the urine to serve as 2 control. The
flask is medae gtsiile by boiling water in it, and pouring it out.
At 4:00 P.il, he will empty his bladder into a sterile flask., Ap-
proximately 9 cc. of this urine and the control urine are poured
into sterile test tubes, and inoculated with 1 cc. of diluted broth
culture of E. coli. The tubes are incubated for 24 hours, Thoy
are then examined for growth. The contents of the tubes are mixed
by gentle swirling, and a loopful from each is streaked on an agar
plate, marked off into halves. The plates aire incubated for 24
hours, and examined for growth,

B. Msthenamine. The procedure of part A is followed, except that
1 gm. of methenamine is taken instead of the mandelic acid.

C. Methenamine alone. The course of acidification of the urine is
omitted. At 1:00 r.ile, a course as in part B is followed. '

D. Sulfanilamide. The procedure is as in part C, except that 1 gm.
of sulfenilamide is taken instead of ‘the methenamine.




Experiment 9
ANTLBLAINTICS

From tests in vitro of ascariecidal activity, one can predict with
some accuracy thie effectiveness in vivo, but an equally importsnt
consideration is the action of the agent on the host. The student
should obtain this information and compsre it with the results of
this experiment., In ascariasis the therapeutic hazard m2y be
greater than the disease hazard.

Examine the ascaris lumbricoides of the pig, as provided. t is
indistinguishable from the human variety. %ZIest for activity by
dropping singly into a beaker of water at 40° C. Use only those
which respond to this treatment by moving, Put one into esch of
the beakers of 0,7% sodium chloride 2t 370 C. conbtaining the
following in saturated solution.

1. Santonin, U.S.r,.

2. 0il of chonopodium, U,S.P.

3., Oleorosin of aspidium, U.S.FE.

4, Thymol, U.S.P.

5., Hexylresorcinol

6. Tetrachlorethylene, Li.X.R.
Observe the responses. At fifteen minutes, remove the worms and
test for activity 2s before. Return vo the bezkers and test agein
at one hour,
The results of this experiment should be compared with the reported

effieacy of tliese sgents on other parasites, v is inexcusavle to
- srest for helminthiasis without determining the identity of the

parasite.

Chemotherapy of lelminthiasis. H. V. Brown. J.A,1LA., 103: 681,
1854. 1934.
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ARSHICAL DRUGS IN RAT TRYPANOSCOMIASIS

The effect of arsenicals on rat trypanosomiasis can readily be studied, using
methods that are essentially those developed by Paul Ehrlich which led to the
discovery of the usefulness of arsphenamine in human syphilis.

A, Action in vitrc. On a clean glass slide, put a drep of Ringer's soluticn at
one end, and a drop of Ringer's solution containing the drug at the other end.
This latter solution is prepared so that its concentration is approximately that
reached in the body following injection., The rat, which has been infected
previously with Trypancsoma equiperdum, and which would die shortly, in untreat-
ed, is obtained, and its tail is immersed in water at 45 degrees for 3 minutes.
The tail i then dried, and the very tip of the tail is cut off with a sharp
mife. A very small amount of blood is then added te each drop ef solution on
the slide. Too much blood will give an npague preparation; avoid this, At this
time, bleod is taken as below far a count. Cover slips are put on the slide,
and niicroscopic examination continued until the trypanssomes are no lenger
motile, which time is noted.

B. Action in vivo. When blood is taken for part A, some is also taken inte a
pipette, as in making a red cell count. Ringer's solution is used as the dilut-
ing fluid., With the counting chamber, determine the number of trypanosomes per
cu. mm, of bleed. This determination is repeated every 15 minutes after the
injection of the drug.

The rat is weighed, and is given an intraperitoneal injection of either:
A. Tryparsamide. 250 mgm. per kg. intraperitoneally.
B. Mapharsen. 5 mgm. per kg. intraperitoneally.

C, "BAL" 25 mgm. per kg. intramuscularly fellowad: in 15 minutes
by mapharsen 5 mgm. per kg. intraperitoneally.

D, Petassium antimony tartrate. 5 mgm. per kg. intraperitoneally.

E. Penicillin L0,000 units per kg. intraperitoneally.

References, H. H., Dale, Physiol. Rev. 3: 359, 1923,
C. Voegtlin, Physiol., Rev. 5: 63, 1925,
C. C, Pfeiffer and A, L. Tatum, J. Pharmacol. 53: 358, 1935.



E
£xp. 10, Irritant. Kemove the ointment with alcohol after the
) N observations.

Experiment 10
DRUGS ACTING LOCALLY

1. Rubefacients.

(z) Soak a small piece of mustard plaster in tenid water for
several minutes, then apply to the volar surface of the tforearm,
holding it on with a2 small strip of adhesive plaster. kemove in
fifteen minutes. DNote carefully the local sensations and the
appearance of the skin.

(b) Soak a very small piece of cotton in chloroform and apply
this to the conceve surface of a watch glass. ©Strap this to the
volar surface of the forearm with adhesive plaster; do not apply
lizuid chloroform to the skin. In fifteen minutes remove and note
the appearance and sensation.

2. Irritant and "Counterirritant.”

Rab the capsicum-turpentine ointment into an =rea about 3 cm. in
diameter on the volar surface of the arm. Observe the development
of any painful sensation at this srea cver a period of thirty minutes.
At that time, the subject notes the effect on the intensity of this
pain during and after the application to this area for two minutes of
(a) an Erlenmeyer flask containing water at 40-50 degrees
Centigrade
{v) an Erlenmeyer flask containing ice-water at 4-10 degrees
Centigrade

3. Protein Precipitants.

rut in test tubes 2 cc. of solution of egg albumen and add drop
by drop the following agents:

. Mercuric chloride 5% Concentrated sulfuric acid
Copper sulfate 1% Sodium lyaroxide 20%
Zinc chloride 2% Liquefied phenol
Ferric chloride 1% Alcohol )
Lead acetate 5%  Tannic 4cid 10%

Record the results. The tubes shauld be saved for comparison with
Part o, ‘

4. Astringent Action of Silver Compounds.

To egg albumen in test tubes as in Part 3, add:

Strong silver protein 5%
Mild silver protein 5%
Silver nitrate : L
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b, Lecal Action of Phenol.

Arrange four beakers so that four fingers of one hand can be inserted
into them, Put in the beakers:

1, 5% phenol in water

2. 5% phenol in a mixture of alcoholi 1/4 water 3/4
3. 5% phenol in a mixture of glycerine 1/4 water 3/4
4, 5% phenol in olive oil

Immerse the fingers for five minutes, then withdraw, examine, and

pompare. Rinse the finger from the water solution in a large amount
of water; does any change occur? Now rinse in alcohol.

6. Corrosive Action.

(a) A stomach tube is passed in a rabbit anesthetized with pento-
Yarbital U.S.P. Each group then administers 10 cc. of one of the
agents listed below, and removes the stomach tube, washing it im~-
nediately.

" Sulfuric acid - 10%
Sodium hydroxide 10%
Liquefied phenol and water, egqual parts
Mercuric chloride 5%

Fifteen minutes later, the animals should be killed, the abdomen
opened, and the stomach removed, carefully cut open, washed, and
examined., The results with the different agents should be closely
compared.

{b) Take from the rabbit two pieces of smsll intestine about one
foot long, and slit open lengthwise, Wash and lay on a board mucosal
side up. Apply the agents of Section 3 to one inch segments, leaving
a space between each., Leave for ten minutes, and wash off and
examine,



Experiment 11
GENERAL ANESTHESIA

Handling the dog gently, avoiding excitement, put it on the boarad

and wher it has become quiet, observe cardiac ana respiratory

rates, size of pupil, eye movements, swallowing, corneal and

flexion retlexes, knee Jerk, tone of abdominal and leg muscles,

:gctal tsmperature, color of mucous membrancs of mouth and eonjunc-~
lva L 2

Now administer ether, U.S,P. by cone and drop msthod, slowly and
carefully. The struggling seen if one jams the cone on the dog's
nose is not the stage of delirium. Avold such & procedure, and
pass through this stage to light surgical anesthesia, meking the
observations above as often as possible. Insert tracheal and
carotid arterial cannulas. Apply a pneumograph on the thorax to
record its movement. Connect ether bottle and blood pressure ap-
paratus and record on & slow drum. e

Allow the anesthesia to become very light, then while recording,
turn the ether on full. Make observations of esye movements,:
reflexas, and muscle tone continuously, and indicate on the drum
the time at which changes occur. Make the remaining observations
of Paragraph 1 when the dog is in deep surgical anesthesia, Con-
tinue giving ether until respiration stops, then immediately re-
move the ether and revive the dog with artificial respiration.

Iet the dog recover to very light anesthesia, and repeat the ob-
servations of the first parsgraph. Replace the ether in the bottle
with chloroform, U.S.P.; repeat the same procedure as followed with
ether, particularly comparing the results with the two agents.
When respiration stops, try to revive the dog with artificial
respiration., If this fails try cardiac massage through the dla-~
phragm, inserting the hand through an abdominal incision. If this
fails, try intracardiac injection of epinephrine hydrochloride,
U.S.P., 1 eec. of 1:10:000, r

I2bsl the kymograph records from this experiment carefully, noting
all procedures and the data obtained. '



Exporiment 12
CENTRAL NERVOUS FUNCTIONS IN MAN

Modification of the funetion »f the human central nervous system

is difficult to study, in & purely objective frshion, and the
results are 72ften difficult of interpretntiosn. In this experinont,
the four tests that are used arc frequently employed in psychomotry.

1. Repetition of Digits. This is o simple memory test. For "digita
forwerd, e examincr snys, "I am going to say some numbcrs.
Listen carefully, and when I am through, say them right nfter me.
Repsat them as fast or as slow as you like. (Beoause the 2bility
to rcmember diglts is a funetion of the time intervol between
prcsentationsg, it is nocossary 1o standardize this time. The
optimal time interval between digits has been found t: be about
B/4 of a scoond. A little practice with a watch will enmable the
goster t9 cerry this out automntically.) If the subject repeats o
‘geries corrcetly, mirk plus ané continue with the next higher
series. If the subject fails, give a second trial on series of -
g&ggl length. Discontinue after subject has f£alled on both trials
of a given serics. Score is the highest number of diglts repeated
without error on either of two trials. Thus, if the subject ro-
_peats correctly 5 digits forward, he geta 2 score of b.

¥Digits backward." Say, "Now I am going to say some more numbers,
but this time when I stop, I want you to say them backwards. For
exampls, if I say 7-1-9, you say (pause) 9-1-7." If subjcot gives
“them correctly, say, "That's right."” Bogin with the three digit
'geries, continuing until subject fails both trials of the series.
‘8core is the highest number of digits correctly roversed.

The Total Score sn the test is the sum of the number of digitse
- pepeated forwara and backward. Thus, if a subject ropests 7
forward and 4 bdbackward, his total score is 1l.

. Digit-Symbol Test. The tcster says, "Look at these divided
boxes or squares (pointing to key); notice that each hos a nmumber
on the upper part and a little mark on the lower part. Also that
with every number therc is a different mark, Now,look here
{pointing t2> sample) where the boxes have only numbers, and the
squares underneath are empty. I wont you to put in each of these
squares {(pointing) the little mark that should go there, like
this.” (The tester points alternately to key ~nd to the digits)
BHere is a (1), so you would put in this mark. This is a (3),
theresfore you would put in this mark," etc. After doing five of
the samples, pause and ask, "How what should I put in here?®
{Ini.icating the next emgty square.) After finishing this demon-
stration, tester says, "Now when I say time you begin hcre and

- £il11 in 985 many squares s yd>u can before I call time again.”

~dooring. The score is the total number of symbols correctly

. entered, in 1lf minutes time. Precision and neatness are diss

- rogorded, bub symbols must be identifiable. Entries st be nade
. smaccesalvely, not.in heterogencous fashion. '




Experiment 12, p. 2

b. Hand Steadiness. The stylus and the plate of the apparatus are
connected with a battery and signal magn3t so that every contact
will be recorded on a smoked drum. According to the normal indi-
vidual steadiness, a hole ig chosen which will give about five
contacts per minute, and this is used throughout. The test is run
for two one~minute periods with a one-minute wait between. It is
scored as the average number of contacts per minute. The contacts
made when the stylus is introduced or removed are not to be counted,
80 the drum should not be started until after the stylus is in-
serted, and should be stopped before the stylus is removed.

4, Rate of Tapping. The device consists of two plates and a stylus,
for the tapping, an atuomatic one-minute timer, and a counter. The
timer is reset to starting position by momentarily pushing the
button; if the pilot light is 1it, the timer is in the starting
position. The tapping is done by the subject, tapping alternately
on the two plates as rapidly as possible. The first contact starts
the timer, which will open the circuit exactly one minute later. *
Therefore, the subJect continues to tap until the pilot light goes
on, and the counter ceases to advance. The counber is read to give
the number of taps per minute, and thé¢ push~button is pushed to re-
seét the apparatus. The test is run for two trisls, with a one-
minute wait between. The score is the average number of taps per
minute.

Performence of Experiment. One member of each group serves as .
subject, and should omit lunch, to insure¢ rapid absorption of the
drug. A control set of observations is made, the sudbjleet takes one
of the substances listed below, and observations are repeated for
four tiea, at 1/2 hour intervals., The results arec recorded in the
table provided.

Drugs. 1. Ethyl alcohol, 250 ce. of 25%
2. A suitable dose of a2 short-acting bar biturate
3. Caffeine alksloid, 0.3 gm.
4. Benzedrine sulfate, 10 mgm.

H. Substance "X"



Experiment 13
RESPONSES OF THE CENTRAL FERVOUS AND PERIPHERAL NEURO-
MUSCULAK SYSTEMS

This experiment demonstrates the augmentation 2nd depression of »
spinnl reflex, and the-production and removal of = block between
motor nerve and skeletnl muscle.

In 2 dog anesthetized with barbital, » tracheal cannuln is inscrt-
ad, Additiomel anesthesia with ether may be required for this and
subsequent surgicnl procedurss. On the medial aspeet of the right
hind feoot, the tubercle on the first metatarsal is locnted, 2nd 4
batton of skin over it is removed with scissors. The tubercle and
attached tendon 2re exposed, and the tubercle is detached from the
bone with bone forceps; take care not to damage the attachment of
the tendon while doing this. One blade of 2 scissors 1s inserted
under the skin, 2nd the skin is cut through on ¢ line over the
tibinlis tendon t0 n point above the 2nkle joint. Considerable
blseding may be mest at this time, 28 a result of cutting ths large
veins on the anterior surfoce of the foot. These should be clamp-
od and ligated. The tendon of the tibialis is agsin identified,
snd the tough ligsment neross the front of the foot, under which
this tendon runs, is cut through so thnt the dist=2l snd of the
tibialis muscle is fresd. A length of fishing line 1is tied to the
tendon for l-ter comnsction of the myograph. The bony tuberclc on
the end of the tendon will prevent this line from slipping off.

On the loteral sspect of the leg, = button of skin is removed over
the lower end of the fibula, and A smull arsa of the distal ond of
this bone is e¢xposed. A hole is meds a smnll distunce into the
bone with & hand awl, then a drill is put transversely through the
bones of the leg, so that the base of the drill is closo to the
leg. The leteral condyle of the femur is located, a button of skin
is removed over it, proximal and somewhat posterior to the patella,
the bone is exposed, and 2 drill put transversely through the
femoral condyles. On tho medial surfsce of the lsg, the plantar
(posterior) braneh of the saphenous artery is palpated as it runs
under the gastrocnemius tendon. An incision is made over it,
running about five centimeters proximal from the ankle. The
artery and the tibial nerve which runs with it are carsfully ex-
lposed. With coareful blunt disssction the nerve and nrtery are
separated the length of the incision, tho nerve is 1ligated distal-
Ay 2nd cut, =nd freed from the artery. In the isolaztion of this
nerve, and the sciatic nerve loter on, greut carsc must be taken not
to pineh the nerve or pull on it, as these procedures are seversaly
damaging.

1

A tubular electrode is placed on the nerve, and the skin is closed
with a suture over the electrode to hold it in place and to keep
the nerve from cooling and drying. The left femoral vein is now
expose% in the femorzl triangle, so that injections may be made
into it.
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The animal is brought to a stand, clamped to the table

two adjuspable clamps to receive the hgads of the drilistgig gas
torsion_w1re isometric myograph. The line from the tibialis
tendon is connected to the myograph with a turnbuckle, which is
adjusted so that the muscle is under 8light resting tension. The
muscle should have a straight pull, from its origin to the myo-
graph. ?he Wwires from the electrode are connected with a stimu
lator which is controlled through a relay by the timing circuit,
8o tgat every four seconds a brief period of stimuli at the rate
of sixty per second is applied to the nerve, The stimulator is
also connected with a signal magnet, which indicstes on the drum
the moment of stimulation, and time in four second intervals. The

instructor will assist in connecting the apparatus. The drum is
ran at its slowest speed.

Firs? determine the threshold intensity of stimulus at which the
flex1og reflex appears. Demonstrate the effect of increasing thg
intensity of the stimuli, and find the intensity at which the ro-
Sponse 18 maximal., Thereafter use supramaximal stimuli. Adminig- '
ter the following substances, making the injections into the
femoral vein with syringe end needle, and waiting until the effect
of each is fully developed before giving thse next.

1. Metrazol, N.N.R. 10 mgm./Kgm., repeated until an
effect is apparent.

2. Pentobarbital sodium, U.S.P. 10 mem./Kgm.

3. Picrotoxin, U.S.P, 0.5 mgm./Kgm. Its action
devolops slowly.

4. Paraldehyde, U.S.P. 0.2 ce./Kgn.

Now remove the electrode from the tibial nerve. By palpation on
the posterior surface of the thigh, the¢ separation of the modial
and lateral groups of muscles is located, and an incision 1is msdo
through the skin in this line, from the popliteal space about
halfway up the thigh. With blunt dissection, the sciatic nerve

is oxposed as it lies between these groups of muscles. The
division of the sciatic nerve into fthe tibialis and common
peroneal nerves is idsntified. Th¢ common peroneal nerve, Sweep-
ing lstorally around the knee, carrics the motor fibers to the
tibialis anticus muscle that is being used. This nerve is ligated
and cut as close to its origin from the sciatic as possible, and
the tubular electrode is slipped onto it. The skin is closed over
the electrode with a suturs.

Dotermine the threshold intensity 2s before, and notico that the
. tension developed by a meximal contrazction from stimulation of the
motor norve is greater than that developed in a maximal reflex
response, Use submeximal stimuli for the following. -
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Before making the following injections, the artificial respiration
machine should be prepared, and should be connected as soon as
there is any obvious interference with breathing.

Administer by intravenous injeetion, the following substances:

1. Beta-erythroidine hydrochloride 2 mgm./Kgm. If
no effect appears, repeat.

2. Neostigmine methylsulfate, U.S.P, 0.1 mgm./Kgn.

3. Dihydro-beta-erythroidine 0.1 mgm./Kegm. If no
effect appears, repeat.

4. Potassium chloride, U,S.,P. 15 mgm./Kgm., injected
in 15 seconds. If no effect appears, repeat, while
palpating the cardiac impulse.



P IExperiment 14
LOCAL ANESTHESIA

: /‘_i
This experiment demonstrates three clinical aphlications of loecal
aresthesia - on a mucous membraneg, by subcutaneous infiltration, and
by subarachnoid injection.

Corneal Anesthesia., In a normal rabbit, test the corneal and 1lid
reflexes, and observe the size of the pualls ana the appearance of
‘the conjunctival blood vessels. Holding %he rabbit firmly to prevent
jerking away, instill the solutions into the sac formed by gently
pulling the lower 1id away from the eye. Jrop tlie solution slowly
iato this sac for one miaute, then squeeze out the solution and test

he cornmeal and 1id reflexes every mlnute, unt il they appear to be
normel again. The local anesthesia is estimated to be light or dee
desending on the degree of pressure on the cormes recuired to elici
tiie reflex, Observe and record any changes in size of puwnil or,
appearance of conJunct1le vessels,

Right eye cocaine hydrochloride USP 1%
Lefl eye procaine"hydroehloride USE 1%

Infiltration Anestiiesia. In the rabbit, test the 1lid reflexes of
Yoth oyes. Take up 0,75 cc. of the desired solution in a syringe,
and insert the needle subcutaneously halfway between the root of the
gar and the external canthiug of the eye. Inject 0,25 cc. Withdraw
the needle slightly and then infiltrate tiie arez both above and
below the external canthus of the eye so as %o anesthetize a
erescent-sheped srea, 0,285cc., of the solution being injected above
and 0.5¢cc, below. The infiltrating sclution should make the
palpebral conjunctive bulge slightly. Determine onset and duration
of anesshesia by testing itbe 1id reflex. Usc 1% procaine hydro-
chloride in one eye, lﬂ procaine hydrochloride in 1: 50,000 eglne—
phrlne thxocnloride in the other.

Intradermal Anesthesia. Sterilize a syringe 2n¢ necdle by boiling,
¥%ipo with alcohol the skin of the flexor surfsce of the forearm and
tue top of the bottle of sterile O, as% procaine nvdrochloride. Make
an intradermal injection (raising a wheal) snd Getermine the btime of
onset, duration5<anﬂ;extent of aneqthesia.

Splnal Anesthesia. After Yhe-rabbit has recovered from the infil-
tration anesthesia, it is glaced\in»$ge canvas hammock supplied, and
trie spinal length is measured, from uhé\bnsakut with the head flexed,
to the first and most prOmlnent sacral spinous—pracess. Into a 1 ce,
tubereulin syringe wlth a 22 gauge needle, take lf‘ﬁ?nea;ne hydroe«
chloride USP, in the amount of 0,02 cc. per centimeter of“sﬁlﬁal
length, The 3381stant now takes the four logs of the rabbit iR .
hand, and holds the rsbbit's head with the othexr hand. The operator™
stanag witii the rabbit's head at his left, and places his left fore-
arm on the animal's back, -The thumb and middle finger of the left
hand are plzced on the iliac crests, and tne index finger is placed
on the spinous process of the last lumbar vertebra, which is almost




Experiment 14, p. 2

in line between the crests. Now, by moving the index finger backward
over the =2rnimal, the first sacral spinous process is found. Between
these two spinous processes lies the space at the lumbosacrsl umion.

Thie filled syringe is held in the right hand, and the needle 'nlaced
just to one side of the cophalad tip of the first sacral process

with its bevel pointing dovaward., During the *imé of its inscriion
and the injection of the Tluid it is held rizidly at zn angle:of

about 45 degrees to the axis of the spinal columm, so that the needle
vill enter the subarachnoidal space pointing slightly tows™d the head.
Lecause the first sacral spinous proeccss is curved cephaled, the
deedle is inserted off the midline, with the intent of having it

réach the midliine when it »ierces the dura,

The needlc traverses the iollowing tissues: the skin which is >
frecuently tough, a layer of muscle which is soft, the ligamentum
flave which is dense and resistant, sand lastly, the dura and
arochnoid, which sre rather soft. If the ueedle is carried too far,
it may touch the bony wall ventral to the cord and may enter a ‘
vénous channel., This latter occurrence is to be avocided; it can be
‘ternonstrated by aspirating with the syringe to see if blood is
obtained. With the necdle properly in place, the needle and syringe
ore nheld firmly, and the solution is injected sloewly auring thirty
scconis. -

The rebbit is removed immediately from the huommock and placed on the
table, The presence of any motor weakness or jpsralysis is observed.
Reflexes of the hind legs =re tested for. Anesthesim is tested for
by »pinching the skin. The extent of the aucsthesia over the body
is dedermined. The durction of the chunges sre noted, and the time
ac virieh the animal returns completely td normal. tercostal
paralysis is determined by obscrvation of thoracic movements during
resuireation.

Reforences. 4. D. Hirschfelder-apd K. H¥. Bieter. Physiol. EKev. 12:
» , AR 190, 1932. -
R. N, Bieter. Am. J. Surg. 347-500, 1936.
R, N. Bieter ¢t al. J. Prhawmocol. 57: 221, 1936.

¥
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Fxperiment 156
ANALGE5TCS

Three members of each group serve as subjects, one member makes tue
determinstions. Vith the subjeet lying on his bsck with eyes
closed, two spots on the mucocutaneocus junction of the upper 1lip

are marked with ink., The threshold for painful stimulation of these
gpots is determined with the algesimeter, the use of which will te
sxploined by +tiie instructor, Each subject then takes by mouth,

with water, a substance expected to have 2nalgesic action. These
will be iden%uii'ied only by code letter, nnd their composition will
be reverled after the observations are completed. The determination
of threshold is repeated ninety minutes »fter the ingestion of the
drugs.

Seevers, M, H., and C. C. pfeiffer, J. Phaimacol. 56: 166, 1936,

Volf, H, G., J. D, Hardy and H, Goodell. J. Clin, Invest. 19: R
659, 1940, and 20: 63, 1941, Harvey Iectures, 39: 39, 1%544.

rgin, Assoc., for res. in nervous and mental Giseases, 23: 1940.

LFFZCT COF DRUGS ON Ti® KASAL LUCOSA

The spparatus measures the resistance to flow of 2ir through the
nasal passages. The flow of air should be adjusted first so that
the flowmeter recds at the point indicated, which is about 7 liters
per minute. This adjustment should be checked frequently. Then
the fluid reservoir of the draft geuge is adjusted so that tle
level on the scale is st zero. The subjeet tlhen inserts the (lass
tip into one nos*ril, wetching the procedure in the mirror and
attempting to insert it in the same way for each obssrvation. The
subject then }olds his treath and closes the side arm on the nasal
tube, so that *he a3ir will now flow in one nostril, through the
nasal passages, =nd out *the other nostril, At this time, the
pressure reading on the draft gauge is observed by anolier member
of the group. This constitutes the determination of nasal re-
sistence to flow, an index of the dimensions of the airway. The
observation is rencated fifteen minutes after the application of
the drug, using the same nossril as before.

The student iiot ingesting 2 drug for the first part of the experi-
ment serves as subject here. The substances used are (1) Benze-
drine, two imh2lestions *through e=zch nos. ril, (2) menthol, from an
inheler as with (1), {3) ephedrine sulfste, 3% solution, dropped
into the nose with the head turned laterally while bending over.

Butler, D. S, rnd 4, C. Ivy. Arch. Otolaryngelogy 38: 309, 1943.
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Exp. 16. The dose of oukzbain should be 0.5 mgm. per dog.

Experiment 16
DIGITALIS IN CARDIAC DISEASE

In 2 normal 2animal, the domonstration of the action of digitelis
which mzkes it so useful in enardiasc disessc is difficult.
Professor Hirschfclder designed this éxpsriment, which produces
cerdinc disordsr which can be modified by digitalis. This is
auricular fibrillation, which is produced first in the normal dog,
then zgninst o background of the therapeutic action of digitnlis.

In a dog anesthetized with berbital, insert tracheal, corotid
arterizl, and femoral venous cannulas., Arrange for riificinl
rospiration, connect =pparatus for arterial pressure, :nd burette
deévice for intravenous injections. Mrke an incision through the
skin and down to the sternum along its entire length, in the mid-
line, Now saw through the middle of the sternum, applying srti-
ficial respiration ¢s soon as the pleural spnce is opsned. Tie -
the chest open 2nd execise cerofully the pericardium to allow
access to the right auricle, and 2 clear view of the ventricles.
Keep the heart moist with warm s=line. Apply the specinl elsc-
trodes to the right auricle, arranging them not to drag on it, nd
connect them with the secondary of nan induction coil set for
tetanizing stimulation. Now c¢2l1l the instructor who will make
sure that the stimuli are not so intense as to throw the heart
into complete terminal fibrillatiom.

Throughout the experiment observe the heart »nd rslate its changes
with those seeén on the drumg use A drum specd rapid cenough to show

—

the pulse waves.

.Stimulate briofly to produce a short period of suricular fibril-
lation. Observe the heirt ind the record of zrterial pressure.
Wh=t are the results of suriculsr fibrillation?

Now injeet intravenously 0,2 mgm./Kgm. of ouzbain (g-Strophanthin)
N.N.R., or other cardiac glycoside suitable for intravenous ad-
ministration. Repeat the auriculsr stimulation 10 minutes later,
and every 10 minutes thereafter, observing the changes in the
rosponse of the heart and in the arteri=2l pressure, until the
effcets of auricular fibrillation on the ventrieles and arterisl
pressure are 2bolished. Do th2 suricles still fibrillats as
before? Tiis should not be prevented by dAigitnlis; if the fibril-
lation cezged to occur, this is probably due to loecnl changes at
the electrodes. Digitalis does not stop zuricular Tibrillationm,
but it prevents the deleterious effects of such fibrillation on
ventricular function.
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After the therapeutioc action has been observed, either (a) con-
tinue to observe the progressive action of the drug, or {b) when
a definite irregularity of the beat occurs with stimulation,
begin the repeated intravenous injection of 5 mgm./Kegm. doses of
guinidine sulfate, U.8.P. After each dose, observe the nature
of the heart beat, and redetermine the threshold stimulus for
guricular fibrillation.

Digitalis. 4. R. Cushmy. J. Pharmscol. 1l: 103, 1918.
Digitalis and Its Allies. A. R. Cushny, London, 1925.

Use of Digitalis. G. C, Robinson. Medicine 1: 1,
» | 1922,

Action of Digitalis, in Failure of the Circulation.
T. R, Harrison, Chap. 88, Baltimore, 1935.
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¢ i be 0,0L
. 2. The Gose of acetyl-choline bromide shm_lld
L P mgm. , insteaa of 0.1 mgm. Nitroglycerine should be
injected after the acetyl-choline, instead of after
the posterior pituitary.

Experiment 17

ACTION OF DRUGS ON THE HEART
4 Students

This experiment permits observation of the action of drugs on the
heart beat and also on the coronary circulation. The apparatus con-
siats of a verticsl glass tube into which Ringoer solution with glucose
is run at & constant rate, The bottom of the tube leads through &
warming bath at 38-40° to a cannula which is tied into the aorta. The
pressure of the column of fluid closes the aortic valve, and the fluid
enters the coronary arteries and escapes from the right auriele. The
resistance to flow in the coronary circulation determines the height
of the columm of fluid, which 1s recorded by connecting a volums re-
corder to the top of the verticel tube, The chambers of the heart are
empty, and it does not function as a pump, although beating.

The apparatus 1s assembled, the water bath is heated, the system is
filled with Ringer, and the Mariotte tube is inserted in the reservoir.
The removal of the heart is not difficult, but speed is essential. A
young rabblt is killed with a blow on the head and placed back down on
the table. The skin is reflected from the front of the thorax, and
with strong soissors all the ribs arc cut through on either side and
the diaphragm cut through, so that the entire front of the thorex is
turned over the head. The pericardium is excised and the aorta quick-
ly located. It is ocut through just where it first branches; it is
desirable to have as long a segment as possible, to avoid pushing the
cannuld through the aortic valve. The heart is then 1lifted up and

the remaining vessels cut through, not too close to the heart. It is
then placed in a dish of Ringer and gently massaged a few seconds to
empty it of blood, so that clots will not form in the aorta. By this
time another member of the group should have made certain that the
bath is at the proper temperature, that thore are no air bubbles im
the perfusing system; he should open the screw clasmp on the tubing
above the cannula so that Ringer is slowly dropping from it, and
should place a loose ligature, with half a square knot, around the
cannula. The operator now 1lifts the heart in his left hand, and
bringing it up to the cannula, carries a tissue forceps in his right
hand through the ligature, picks up the and of the aorta, and leads

it onto the cannula, where it is secursly tied. Precautions must be
taken that no air bubble enters the aorta, The screw oclamp is now
removod and immediastely a cut is made into the left ventricle ta
allow escape of the small amount of fluid which leaks past the aortio
valve. A thread is stitched to the tip of the heart and tied to a
heart lever, and the amount of air in the volume recorder is adjusted.
The neart should now be beating., The escaping fluid is caught in a
pan or funnel and led away,
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i

The following drugs are injected with a tubsreuwiin syrlnge and needlo
into the rubber tubing above the cannula.

Epinephrine HCl,. U.S,P. 0.00025~mgm.
Acetyl-choline bromide, 0.1 mgm.
Solution of posterior pituitary, U.S.P., 1/20 unit.
Nitroglycerin, U.S.P., 0.05 mgm.
Theophylline ethylene diamine, U.S.P,, 1.0 mgm,
Add to the reservoir through the Mariotte tube,

2,0 ¢c. of Tinecture of Digitalis, U.S.P,



Experiment 18

EFFECT OF DRUGS OF THE PUPIL (Rabbit)

4 Studenes

E S

Foliow the ohanges. iawsﬁze of pupil, measuring with dividers the sige in
millimeters, amd the reaction to light, with the administration of the
fellewing &rugs. Be sure to measure the same diameter of the pupil each
@ime. The transverse diemeter is preferable. Have the conditions of
illumination the same each time the size of the pupil is observed, The
drugs should be dropped into the sac made by pulling the lower 1id gently
eway from the eye. This should be just filled with the drug (about 10
 drops) and held for one minmte, Both eyes should be observed for about

ten minutes, then the drugs are applied and the observations made every
five minutes,

l. Use in one eye, cocaine hydrochloride, U.S5.P,, 5%, and in the other,
epedrine sulfate, U.S.P., 1

no
.

Sixty minutes later, put in one eye, physostigmine salicylate, U.S.F.,
0.2%. When the effect is maximal (10-15 min.), put atropine sulfate,
U.S5.P., 1%, in the same eye. Physostigmine poisoning may occur unless.
the lacrimal duct is compressed.

3. In the other eye, use pilocarpine nitrate, U.S,P., 1%, when the
'~ effect is muximal, apply to the same eye, houmtropine hydrobromide,
U S Pc; 1/00

Present the results in grarhie form, and exrlain the mechanisms,
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The action of pilocarpine nitrate, U, S. P. and atropine sulfate, U, S. P.
on the secketion of sweat and saliva, ‘

The apparatus consists of a chamber in which the finger 1is inserted, Air
which has been dried by -passage through concentrated sulfuric acid and through
a tube immcrsed in a solution of solid carbon dioxide in aleohol is passed -
through this chamber and picks up water from the skin, The ailr then passes
through a second tube immersed in the above-mentioned freezing mixture, in
which the water is held as ice, The tube is weighed before and after, to

give the .eight of water evaporated from the skin,

The determination of sweat-secretion is made for ten minutes, For five min-
utes during this period, the subject chews paraffin and expectorates the
snliva as it is secreted into a graduated cylinder. The volume is measured,

Aftcer the control observetion, each subject takes by mouth with water,
either 1 mgm, of atropine sulfate or 10 mgm. of pilocarpine nitrate, The
determinations are repeated at thirty minutes after the pllocarpine, and

tuo hours after the atropine.

Record nny objective or subjective changes that occur in the subject,
‘such as a feeling of .armth, flushing, dryness of the mouth.



§ ‘ Experiment 19 ' v
IFFE0TS OF DIUGS O RESr IIAT ION

4 Students

iThe appal~tus provided separates expired air from inspired air, and
measures it in terms of water displaced. The box 1s filled with tap
rwater, through the short vube on the top, while the outlet tube on
the side is kept closed with the finger. ‘len the box is full, the -
 elort tube is stoppered and on opening the cutlet only a small amount
vof weter will run out, The long tube on top is then connected w1th

i tire inspirstory valve.

i
g

a rabkit is welghed and nut on & bosrd. Try tc avoid excitement and
gstruggling on the part of the rabbit, If it is constantly sttended,
f1t should lie guietly on the board and continue to breathe from the’
$epparstus throughout the experiment, The mask is put on the rabbit
fand node tight around its nose. 4n observa’ion is made by closing
fthe side arm on the mask with the finger for exzctly one minute. The
bvoter displaced is collected and measured; thilis is the minute volume.
tThe number of respirations Guring this minute 2re counted, snd from
fthese figures the tidsl air is calculsted. BEnough observations should
gbe mode to establish a steady stave, and the box should be refilled
fwith water after not more than three or four observations.

The response to carbon dioxide is now deterizined. The student's
'alveolar air is used for tliis purpose, This is collected in a six-
liter bag es follows. The stoppemw is removed from the large emd of
the bag., The student takes a maximal inspiration, then makes a
maximel expiration into the bag. The contents of the bag are now
irebreathed for five breaths, with each inswviration emptying the bag
fas near as possible. The stopper is then replaced. This supplies
gas that is more or less in equilibrium with venous blood, This is
sunplied to the r2bbit by connecting the rubber tube from the bag
iwith the entrance to the inspirstory valve. 4 determination for one
minute .1s made as before, the bag is disconnecteda, and after the
rabbit has reshired atmospheric air for a iew minutes, the detex-~
mination is repeated to show return to normsl. The collection of this
ralveolzr air should be done immediately before it is to be used, and
it must. be repeated for the determination after the morphine.

rThe rebbit is now given a subcutaneous inj&ction of morphine sulfate
U.S5.F,, 2 mgm. per Kgm., The determination is repeated at fifteen
Mminute intervals. After the thiréd, st forty-five minutes after the-
‘merphine, the response to 00z is determined as betrore, After another
deteiminetion with the anlmal breathing room air, an intravenous .
injection of caffeine U.5,Y., metrazol N.N.It, or nikethamide N.IK.K.,
'10 mgm. per Kzm. is mzde¢, and the resplratorv volume measured. im-
me@iately and five minutes later. .If no effecu is observed, the
injection and observntions are repeauea.
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Experiment 20
REACT IONS OF THE BRONCHIOLES .

In this experiment the "bronchoconstrictor" and "bronchodilator”
action of substances is measured by observing the resistancc whieh
the air passages of the lungs offer to the passage of a saline
solution through them. The experiment shows the local nature of
the phenomenon of anaphylaxis, and also the production of desensi-
tization to the sensitizing substance.

The apparatus used for perfusing the isolated heart is used here
for perfusing the lung. The apparatus is arranged acoording to
the example, and is filled with warm Ringer's solution made
ospecially for this experiment. Csre is taken to exelude all air
bubbles, a2nd screw clamps are applied to the two rubber tubes with
which the c¢annulas will be connected. A burctts with rubber tub-
ing attache¢d, 2nd a largc syringe and nesdle are also filled with
the Ringer's solution. -

A guinea pig, that has reccived previously a sensitizing injection
of egg-white, is killed by a blow on the head, The anterior chest
wall is rapidly- removed, with care to avoid inJjuring the lungs.
The heart is exposed, the pericardium removed, and an incision
made with scissors into the right ventricle on its anterior
surface near the base and near the root of the pulmonary artery.
The left auricle and left ventricle are also opened with small
scissors cuts. 4 ligature is passeéd around the pulmonary artery,
and the special camnula, which has been fjilled with Ringer's solu-
tion with the syringe, is inscrtcd into the pulmonary artery
through the incision in the right ventricle, and tied there. Tho
cannula is refilled with the syringe, the burctte is commected
with the cannula, and about 10 ce. of solution ar¢ run through the
pulmonary circuletion to wash out the blood. From now on, no
particular speed is necessary. The trachea is exposed high in the
necek and cannulated with a small straight glass cannula. The
trachea, lungs, and heart, with cannulas, are now very carefully
dissected free, and carried to the apparatus. The cannulas are
again filled with Ringer's solution with the syringe, and are
conncctod with the apparatus; take great caroc that air is excluded

from the system.

The screw clamp on the tube to the pulmonsry artorial camnula is
now opened, and the escaping saline solution caught in a pan.
This clamp is adjusted so that the pulmonary circulation is per-
fused at a rate of about 40 cc. per minute. With a fine ncedle,
about twenty punctures are medc lightly into the surface of the
lung, and the screw clamp on the tube leading to the verticel
glass tube is adjusted so that saline solution runs through the
air passages at a pressure of sbout 40 ceéntimeters. The volume
recordcr is adjusted so that it has a small amount of zir in it
and writes nesr the bottom of the drum. ‘
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The following injeotions are made with s iiﬁgo and~needle into
the rubber tubing above the cannula in the pulmonary artery.

.1,

Acetyl choline bromide, 0,08 mgm. (0.1 oo,
of 0.02%).

When the pressure in the tracheal system has
risen, injeet '

2, Atropin;)sulfate; U.8.,P., 0.02 mgm., (0.1 co.
- of 0,02 :
ﬂhen’the ﬁressure hag become oonstant, inject
3, Ege-white, 2.0 mgm. (0.1 cc. of 2%)
" When the preasure has risen spprecisbly, injeot
4, Epinep%yine hydrochloride, U.S.P,, 0.2 mgm. (0,8 oc.
~ of 0.1%). ‘ b" : T
" When the pressure has become constant, 1naect
5, Egg-'whitﬁ. 800 mgm, ’ o
- Follow by
6e Histam%?e phosphate, U,S.P., O.1 mgm. (0.1 cc.
 of 0O.1%) T : \ :
When the'pregsuxe hns risen appreciadbly, injeet .
7, Atropine sulfate, U.S,P., D2 mgm. (1 cc. pzlp.oa%).
" Follow shortly by o S
8, Epinephrine hydrochloride, UsS¢Pes 0.2 hgn,
References:

Bronchiq;es. Thornton, J. W, Quart. J, Exper. Physiol. gl:

Histamine.

306, 19882,

Dixon, W. E. et al. J, Physiol. 29: 97, 1903;
45: 413, 1914, o v = : ?

.;nckson. D, B, ¢, Pharmacol, 4: 291, 1913;
5: 470, 1914, . . -

Best, C, H, et #l. Physiol., Rov. 11: 371, 1931,

Anﬂphylgyis. Dragstedt, O. A, Bhyaiol. Rev. 21; 593911943a
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Lxp. 21 - 1 fII 4, Add sdluvion #4, 1l para-aminophenol hydro-
» P ' ' chloride.

Ixperiment 21

BLOOD CELLS AND HEMOGLOBIN

4 Students

The important therapeutic measures in man concerned with blood cells and
hemoglobin unfortunately are not suitably demrmnstrated in short time
experiments, so that this experiment dwells more largely on toxic in-

‘fluences.

I. The blood cells, Earlier experiments, which should be reviewed
(Outline for Physiology, Exp. 1), showsd various means of hemolysis

in vitro. These seldom operate similarly in wvivo, but thers are certain
agents which diminish the number of eirculating erythrocytes, some of
them having some vogue as actunal therapeutic agents. Phenylhydrazine

has been used in human polycythemia. Benzene affects both erythrocytes
and leucocytes, and has been used in leukemia. In the past, when benzene
had & wide technical use as a cleaner, it was of considerable toxicological-
interest, Nucleoproteins have been claimed to be stimulant to leuwcocyte
formetion. Their value is inadequately demonstrated, but one preparation
has been used recently for agranulocytosis. The actions of these sub-
stances are not readily shown in acute experiments, so a consultatlon of

the literature is recommended.

II. Hemoglobin. The forms in which this plgment mey exlst should be
recalled from earlier experiments (Outline for Physiologioal Chemistry,
pp. 31-33), Each group should demonstrate to itself the appearunce of
oxyhemoglobin and reduced hemoglobin, using whole blood and the dilute
solution of hemoglobin as provided., Stoke's reagent is used as in
Physiological Chemistry.

A+ Methemoglobin, Formation of methemoglobin is blamed for the toxio
action of several substances, but some claims are made that sulfhemo-
globin, a less well characterized material, is implicated, The first
experiment shows the formation of methemoglobin in vitro. :

To about 6 co. of dilute hemoglobin, add about 2 cc, of the following,
and observe the change of color indicating formation of methemoglobin.
Note especially differences in rate of change. 1If no change occurs,
- immerse the tubes in water at 40° C. and continue observation.
l. Saturated potassium chlorate
2, Saturated aniline

3. 107 sodium nitrite

To a.tube showing methemoglobin, add some Stoke's reagent and compare
with the effeets of the sams treatment on oxyhemoglobin.

Formation of methemoglobin in wivo i1s more difficult to observe. Each
group tekes one rat and does one of the following: ‘
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l. Sodium nitrite, 150 mgm./kg., is injected intraperitoneally.
Observe the rat, noting appearance of cyanosis and signs of anoxia,
and at death, expose the heart, take blood with & syringe and '
needle, dilute properly with water, and examine grossly and with
the spectroscope. '

2. Potassium chlorate, 1 gm./kg., is injected intraperitoneally.
Observe, and at death, or at the end of the period, take heart
_ blood and examine as above.

3. Aniline. Apply a few cubic centimeters to the skin of the
back. Obssrve until death occurs, then examine the blood. Ab-
sorption of aniline through the skin is rapid; it and nitrobenzene
have been responsible for numerous cases of "shoe-dye poisoning."

B. Carbon monoxide hemoglobin, carbonyl hemoglobin, HbCO. The
interesting and important aspscts of carbop monoxide poisoning are
too numerous to mention here, but the phenomena we can readily
demonstrate,

1. Characteristics of Carbon Monoxide Hemoglobin. The distinctive
color of this substance 18 mOS®T helpful in detection of its '
presence. Add a few drops of blood to each of two test tubes con-
taining water, and pass illuminating gas through one of them.
Obscrve the change in color, and when it seems to be complets,
examine both tubes spectroscopically. The two spectra are diffi-
cult to identify as different, but now add a little Stoke's re-
agent vo both tubes and reexsmine. The stability of carbonyl
hemoglobin is another distinguishing feature. This is the basis
for the oolorimetric method used in Yart 2.

2, Carbon Monoxide Poigoning. Hach group does ane of the follow-
ing: g ‘ .

a, Put a rat in the gassing chamber. Observe the results closely,
and when death has surely occurre¢d, rvmove. Obscrve the charac-

teristic color, ;seen especlally around the lips., Take blood from
the heart, déter¥mine the percentags saturation of hemoglobin with
carbon monoxide as described below, and examine the blood spectro-

scopically. :

b, Put a rat in the chamber, observe, and when severely intoxi-
catcd, near death, remove. OQbserve the color. Leave in open air,
and time carcfully the appesrance of varying stages of recovery.
When the rat has recovered to what would be considered a mild
degreo of intoxication, kill it, take heart blood, determine tho
percentage saturation of the hemoglobin with carbon monoxide, and

cxamine spsoctroscopically. -
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Operation of the Gussing Chambers. For the CO treatment, set the
-ailr flowmeter (carefully) to 1000 ec. per minute, the gas flovmeter
to 142 cc. per minute. This will give a concentration of 0,5y of
carbon monoxide, as Louisville gas contains 5% CO. Since tbls
mixture will contain 18.4% oxygen, there will be nocchance of
external anoxis. The percentage saturation of hemoglobin with CO
at this roncenstration should be calculated from the formula:

% c0 x 300
% HbCO = Ty v % OO oC=300T * 100

This expresses the situation at equillbrlum, wvhich probably will
not be reached in this actusl experiment.

- Determinstion of Percentage Saturation of Hemoglobin with Carbon
Monoxide. " A"sampTe of 0.1 ce. of blood is taken and diluted to _
2.0 oc, with water. ' To the diluted blood add approxima tely 40 mgm.
of the pyrogazllol-tannic acid mixture. Mix by inverting the tube
twice and allow to stsnd for thirty minutes, Compare with the
standards, and srrive at the value by Iinterpolation, The tubes are
viewed with reflected light, and carefully. Care must be taken in
this method that the dilution of the blood and addition of the
reagent sre rajid to prevent escape of carbon monoxide from the

Industrial Poisons in the U.S, A. liamil%on, N.Y. 1925.

Moxious Gases. Y. Henderson znd H. . Haggard, N.Y. 1927.

Determination of EbCO in Blood. Guantitative Clinical Chemistry.
J. P, Peters and D. D, Van Slyke, vol. 2, p. 674. Balt., 1932.



mixture Ho stond several minutes before adding the NaOH.

/
Exp, 26. It is necessary to allow the cadmium sulfate-blood
The tiltrate must be colorless.

Ixperiment 22

EOS

CARBOHYDKATE METABOLISI

. the rabbits, blood is obtained for the determination by cutting

nto (not through) the marginal ear vein, and allowing the blood fo
rop intc a small erucible containing a pinch of oxalate, stirring
1t thoroughly. The rabbits should not be excited, as this readily
alters the blood sugar level. The blood should flow freely, but
potton should bte applied to the ear with pressure as soon as enocugh
blood is obtained. The determination of blood sugnar 1s described
below. Each group does one of the following procedures.

é(l) Epinephrine. After obtaining the control sample, inject sub-
joutaneously, epinephrine hydrochloride, U,S.P,, 0.1 mgm. per kgm.
{body weight. Determine the blood suger level one hour later.

{2) Insulin. After obtaining the control sample, inject intravencis-
ly insulin, 1 unit per kgm., into the ear vein of the opposite ear
to the one from which blood is drawn. Determine the blood sugsr
level one hour later,

(3) Ether Anestliesia. After obtaining the control sample, induce
-ether anesthesis with a small mesk, and maintain in second plane
‘sBurgical snesthesia for thirty minutes, at which time another
'sample of blood is teken for determination of the blood sugar level.
‘Ether anesthesis in the ratbit requires the closest attention.

(4) Pentothal Anesthesia., After obtoining the control sample,
inject in the vein of the opposite ear Pentothal, 20 mgm. per kegm.
This should be enough. to produce surgical anesthesia for about
twenty minutes. Iliore may be recguired to produce anesthesia of
sufficient depth, snd to prolong the anesthesia for thirty minutes,
at which time a second sample of blood for sugar determination 1s
taken.

{5) Epinephrine after Liver Damage. The procedure here is exactly
“the same as in (1), except that the animal has received, twenty-~four
t hours previously, 4 ce. per kgm, of caxrbon tetrachloride by stomach
; tube,

Determination of Blood Sugar. Pipette into a test tube 8 cc. of
- ‘cadmium sulfate resgent. ripette into this 1 ecc. of blood, mix and
- let stand until it tums drowvm. Then pipette in 1 ce. of 1.1 N NaOH
~Stopper snd mix by shaking until the precipitote appears to separate
from the fluld. TFilter through paper into a elean dry test tube.

( Take three sugar “ubes marked at 25 cc. PYipette 2 ce. of the blood

i

 filtrates into two of these, 2 cc. containing 0.2 mgm., dextrose

into the third. Add to eamch tube 2 cc, of the copper reagent, mix

. by lateral sheking, snd put the tubes in o bath of sctively boiling
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. §
water. Six mimates later, remove ‘the tubes and cool them by im-
mersion in cold water. Add to each tube 2 ce. of the phosphomolyb-
dic aeid reagent, and mix, making sure that the precipitate dis-
solves., After one or two minutes, dilute the solutions to the mark
with distililed weter. They should be compared photometrically
within ten minutes.

Czlculation. Mgm. dextrose per 100 cc. blood = 500 x mgm. in
gample.,

C. ¥, snd G. Cori. Yhysiol., Rev. 1l1: 143, 193i.
S. Soskin. <rhysiol, Kev. 21: 140, 1941.
V. C. Stadie, lervey Leciures, 37: 129, 1942,



Experiment 23
OXYGEN CONSUMPTION IN THE DOG

The students will find the spirometer and accessory hpparatua set
up. HANDLE WITH CARE. ' The time marker and stationary writing point
have been adjusted so that the lever traversing the space between
them marks 500 cc.

A dog anesthetized with barbital is provided; its weight should be
known. Insert tracheal, carotid arterial, and femoral venous
cannulas. Connect the burette for intravenous injectiom, and put
some physiological saline in it, allowing some to run in from time
to time to prevent formation of a clot. Conneoct ths blood pressure
apparatus, arranging it so that the upper writing point is at some
convenient level, indicating, say, 50 mm. of mercury. Have kymo-
graph at its slowest speed, Comneot two short rubber tubes with
the large outlet of the spirometer, and connect ome of these with'
the tracheal cannula, The small spirometer tube is conneoted with:
the oxygen cylinder, and the spirometer is washed out with oxygen.
Handle the oxygen cylinder with care:; 4o not explode the spirometsr.
¥111 the spiromeéter with oxygen so that the lcver is below the base
line {the time marker); clamp with a large hemostat the tube to the
atmosphere, so thet the dog bresathes from the spirometer; clamp the
small tube to the oxygen eylinder. Now start the drum.

The spirometer contains sods lime which absorbs excreted carbon
dioxide, Thus the individual excursions of the lever indicateé the
tidal eir, and the progressive rise in the lever indicates oxygen
consumption. This is timed between the passage of the lever at its
downstroke over the horizontal lines. When the upper line has been
passed, stop the drum and refill the spirometer so that the lever
is below the bottom line. This constitutes the normal reading.

Repeat the observation of oxygen consump:ion during the continuous

intravenous injection from the burette of 0,08% godium oyanide.
Inject at the maximum rate that causes stimlation of respiration

but stops short of depressing the respiration. Thia will be about
4-6 cc. per minute, but close cbservation and adjustment are neces-

sary.

After this observation, injeot intravenously methylene blue,
10 mgm./kg., wait ten minutes, refilling the spirometer as necessary,

then take asnother reading.

While taking a reading, inject sodium cyanide at the same rate in
cubic centimeters per minute as before.

Inject ve:y slowly intravenously sodium dinitrophenol, 10 mgm./kg.,
wait ten minutes, and take another reading. )

When taking & reading, inject intravenously very slowly a solution
of sodium arsenite, 1 cc, % b mgm,, until the blood pressure has
fallen about 50 mm. and continue the recording.



Exp, 24. Omit the dinitrophenol., Alternate grcups will give either

vaccine alone, or vaccine and acetylsalicylic aecid.

Experiment 24
THE PRODUCIION AND RELIEF OF EYPERFYREXIA
4 Students

A rise in the internel teuperature of the btody 15 the result of the
nroduction of more heat than is lost. In the fever produced by
typhoid vaocine, the low skin temperature suggests that heat loss

is reduced., Sinoce the fall of internal tomperature following the
administration of socetyl-salicylic ucid to such & fevered individual
is accompanied by a rise in skin temperature, it sesms that this anti=-
pyretic action is a result of increased heat loss, rather than re-
duction in heat production. In this experiment, the action of =mcetyl-
nalicylic acld is exemined-in two cenditions of hyperpyrexia; one irn
which heat loss 1z decreased, one in which it is inecreased,

Reotal temperature 1 measured in the rabbit hy inserting a vaselined
elinical thermometer into the rectum feor 4-5 centimeters and leaving
it there until the mercury has stopped rising. O5kin temperature is
measured with a cliniosl thermometer to which a segment of cork haa
been attached. A spot on the external surface of the rabbit!s ear,
towards the margin along which the large vein runs, but itself ocom-
paratively free from large blood vessels, 1s marked with ink. The
thermometer is applied to this spot, the cork onA the internal
surface of tho esar being held between two fingers., The thermomoter
is held there until the reading i1s constant for thirty seconds; thies
mey take several minutes. Throughout this experiment it is of the
utmost importance to avoid exciting the rabbits, es this will result
in struggling and rise in temperature ubove normul,

In two rabbits, rectal tempersture znd skin temperasture are measured

et fifteen minute intervals throughout the experiment. Af'ter two ceta
of normal, control obserwations are made, the rabbits receive (a)
typhoid vaceine, U.5.P., 0.1 oo./kgm. intravenously, into the margingl
ear vein on the ear not used for temperature readings, or (W) sodium
dinitrophenol, 20 mgm./kgm. subcutaneously. after the temperatures
have been neasured. fifteen minutes after these adminiastartions, each
rabbit receives by stomach tube 0.2 gm./kgm. acetyl-sulicylic acid
freshly made into solution with sodium biearbonate. Tcmporatures are
measured at fifteep minyte intervals until they have returned to normal,

Reforences:

Temporature, Ita Measurement end Control, Chap. 5, 6., New York, 1941,

Basal Metebolism in Hsalth ané Disease, E.F. DuEois. Phila., 1936.

The Mechenism of Heat Loss and Temperature Regylatior. Lame HMedical
Lectures, 1937. E,F.DPuBois.

E.G. Barbour, Physiol, Rev. l: 295, 1§21,

H.C. Razetts Physiol. Rev. 7: 531, 1927.

T, Deightox. ~ Physiol. Rev, 13: 427, 1933,



Exg. 25, p. 1. A syphon tube is supplied with the apparatga to
permit changing the solution. The first six solu-
tions are added on top of each other without

changing the contents of the bath.

Experiment 25
ISOLATED INTESTINAL STRIP

Segments of the intestine of the rabbit when removed and suspended
in a suitable medium do net function identically as in situ, but
they show charaoteristio rhythmical activity and respond vigoxous-
ly to drugs. The student should refer to his experiments accord-
ing to the Outline for Physiology, pp. 64-65, and compare.

The necessary epparatus must be set up first. This oonsists of a
100 cc. beaker supported by a ring in s large beaker which serves
ags a8 water bath, with its temperature kept at 3560 C. The inner
bath contains freshly mede Locke's solution. A glass hook for at-
taching the strip and for bubbling alr through the solution is in
the inner beaker. The air should btubble at a slow constant rete.
The lever is adjusted so that the strip is stretched slightly, and
to give a record of the rhythmic contractions of the longitudinal
mascle of an amplitude of one-half inch or more. The kymograph
should move slowly. When all the apparatus is ready, each group
gsecures, with the assistance of the instructor, a segment of
duodenum, jejeunem, ileum, or colen, about 3 cm. long and ligated
at both . ends. The strip is set up in the bath, and preferabdly
left for about 30 minutes to permit motility to develop. The

following drugs are then applied:
| Final Concentration

, , in the Bath

Epinephrine HCL, U.S.P. 0.1 oo, of 1:100,000 1:100,000,000

| " n " 1.0 co. " " 1:10,000, 000

Acetyl choline bromide »O.l cc. " u 1:100,000,000

o " n 1.0 cc. " " 110,000,000

~ Atropine sulfate, U.S.P. 0.1 oco. " " 13100,000,000
Acetyl oholine bromide 10 co. " " 1:1,000,000

Now replace the contents of the inner beaker with fresh Locke's
solution, wait until the correct temperature is reached and
motility appears normel, and add to the inner beaker:

Morphine sulfate, U.S.P., 2% 2 oo,
Papaverine hydrochloride, 0.06% 2 oo.




Experiment 26
DETERMINATION OF RilAL FUNCTIZN. DIURESIS.

In a barbitalized male dog, insert tracheal, czrotid arterial, and external
jugular venous cannulas, as described in Exp. 4. The venous cannula is connect-
ed with a 100 cc. burette, in which has been placed 5 cc. per kgm, body weight
of a solution of sodium ferrocyanide 5%, sodium aminehippurate 0.5%. -This
constitutes & "priming" dose of these substances, to develop an adequate blood
concentration. This is injected in about one minute. The urinary bladder is
now catheterized with assistance from the instructor.

Renal Clearance. The data needed for this determination include the volume of
urine formed in a certain period of time, and the concentration of a substance
in this urine and in the blood plasma, The procedure is as follows, A solu-
tion containing 1% sodium ferrecyanide and 0.02% sodium aminohippurate and
other substances whose effect en renal function is to be studied is injected
intravenously at a constant rate ef 1 cc, per kgm, per minute throughout the
clearance periad. After this injection has been started, the urinary bladder
is completely emptied of urine with a syringe, and washed out with 10 cc. of
0.9% NaCl en top of which is added 10 cc. of air. The air gssists in deter-
mining when the bladder is emptied. This washing is repeated once. The
catheter tip is then placed in a small flask to collect the urine, and the
time is noted. Exactly 5 minutes after the start of urine collection, about
10 cc. of blood are taken directly from the arterial cannula into a calibrated
15 cc. centrifuge tube containing dried oxalate to prevent clotting. The
cannula is then rinsed with saline solution and dried with a cotton swab. The
blood is mixed with the exalate thoroughly by gentle inversion of the tube.
The period of urine collection is 10 minutes, so that, about one minute before
this time, the urinary bladder is emptied.and washed twice, as before. The -
second washing is timed so that it is withdrawn from the bladder exactly at the
end of tae 10 minutes. The washings are added to the urine in the flask. This
constitutes one clearance period. Each group dues two clearance periods, as

listed below.

All of the following solutions contain 1% sodium ferrocyanide and 0 OZﬁ sedium
aminehippurate, which will maintain constant blood concentrations.

A, First period: 0.9% sodium chloride
Second peried: 1.89% sodium sulfate

B. First period: 0.9% sodium chloride
Second peried: 5% dextrose

C. First period: 1.89% sodium sulfate
Second peried: 1.89% sodium sulfate, eplnephrlne hydrochloride 0,001%
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D. First period: 1.89% sodium sulfate
Second period: 1.89% sodium sulfate, epinephrine HC1l 0,01%

E. First psriod: 1.89% sodium sulfate
Second period: 1.89% sodium sulfate Between the first and
' second periods, the left kidney is exposed
with a dorsal approech, its vessels are
ligated, and it is returned to the abdomen.

Determinations. Blood. The two samples are centrifuged
(Instructor}] end the volumeés of cell and plasma portions are read.
0f each plesma, 2 cc. nre pipetted into 18 cc. of 5% trichlor-
acetle acid, mixed, let stand for five minutes, and filtered.

This makes a 1-10 dallution of the plasma. .

Urine., The volumes of urine and washings in the flasks are
measured with a graduated cgylinder. To obtain the actusl volume
of urine, subtraet 20 cc. (volume of washings) from the observed
volume. To preparc a 1-500 dilution, pipette 1 co. of the
contents of the flask into a large graduated cylinder, and dilute
with distilled wnter, according to the following formula:

volume to which 1 ce. is diluted =

500 x (cc. of urine and waghings - 20)
cc. Of urine and washings ‘

Tnke 8 photometer tubes, and number them from 1 to 8, putting the
appropriate sample in each tube, as listed in the f0110wing chart.

Ferracyanide. For plasma take 1 cc¢, of plasma filtrate plus 4 cc.
of water. For urine, toke 5 cc. 9of diluted urine. To each tube,
add 2 ec. of ferric sulfate reagent and mix thorgughly. Five

ninutes later, 2dd 2 oo, of water to each tubs. Head in photome-

ter.

Aminohippurate. Take 5 ec. of plmsma filtrate or 6 cc. of di-
1luted urgne.‘ Proceed exactly ns for determination of sulfanil-
amide as described in Experiment 4. Read in photometer.
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Tube Contents ' Photometef mgm. in’f . mgri, por
i __Reading sample 100 cc.
Ferrocyanide 620 mu - -
1 Urine 1 |
2 Urine 2
3 Plasma 1
7 Pl 2
- Aminohippuraté' N 54owmﬁ . -
5 Urine 1 | . |
6 Urine 2
»f7 : Plasma’l
8 Plasma 2
Cclculation.

‘Urine ferrocyanide. mgm. in sample x 10,000 = mgm. per 100 cc.
Plasma ferrocyanide. mgu. in sample x 1,000 = mgm. per 100 cc.
Urine aminohippurate, mngr. in sample x 10,000 = mgm. per 100 cc.
Plasma aninohippurate. mgm. in szmple x 200 = mgm. per 100 co.

Urine volume. measured:{glume}- €0 5 urine oe. per min.

| = UxV . mgm, per 100 cc. urine x urine ocec, pér nin.
Glearance . Gem. por 100 co. placma ‘

Glomerular filtrate, ce. per min. = clearance of ferrocyanide.

Remal plasma f£low, cc. per min. = clearance of.aminohigpurate

_ renal plasma flow, gc./min. x 100
~ percentnge plasma in hematoerit

Renal blood flow, ce. per min.

Renal vascular resistance, _ arterial;£ressure (assume 100 mm.
arbitrary units = T renal blood Zfiow, cc. per second

. nta P - glomerular filtrate cec. per min. X 100
Filtrate fraction, % = A E e o er nim,

Tubular reabsorption, coc. per min, = glomerular filtrate, ce. /min,
' - urine vol., co./min,

Body surface, square meters, = 0,112 x (weight, kgm.)“a/:5
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For comparative purposes, the urine flow, glomerular filtrate,
tubular reabsorption, remal plasma flow, and renal blood flow
should all be calculated as cc. per minute per square meter of
body surfaca,

Teriod 1 Period 2
Treatment = Ireatment =

”Urine Flow

Glomerular Filtrate

Tubular Absorption

Renal FPlasma Flow

Renai Blood Flow

Renal Vascular Resistance

Filtrate Fraction %




Eiseriment 27

EXPERILENTAL Eubic

Weigh a rabbit, c¢bserve normal cardiac and respirstory ratos. ,
Inject subcutanoously in the groin 0,2 gm./kgm. of paraphenylenedl-
emine hydrochloride. AVOID CONTHACT ITH TIIS AGENT. One hour
1ater, resezt %tie wbove observations, and look for the appearance of
any edema. Kow inject intravenously 50 mgm./kgm. of trypan blue.
Repest the observations 14 hours after the injection of the .parm-
pPhenyleneuiamine, and when severe respiratory difficulty appears,
kill the ravbit witly chloroform end perform an autopsy, examining
especially tihe site of injection and the tissues of the head and
neck, noting the resence and nature of edema, and staining of the
tissues of ‘these repions with the dye, in comparison vith other
tissues.

¥, L, Tainter & ¥, J, Hanzlik, J. rharmacol, £4: 179, 1924,

ANTIDIURISIS

One student in each group will serve ag subject, cither as control,
or receiving the drug. Each should take ne luiach., At the beginning
of the laboratory Deriod, each suvject empties his bladder, then
collects “nd measul'es urine secretion at fitteen minute intervals
thereafter, At the time of the second fiitveen minute collection,
each subject Grinks one liter of tap water of a temperaturec not less
than 250 €, A% the same time the subject receiving the posterior

- pltuitary extract is given a subcutaneous injection of 0.2 cc. of a
“sterile 1:10 dilution of solution of posterior pituitary, U.S.PF.

The subjects should remain as quiet as possible during the expori-
ment, ang should not smoke or take food or water. The results should
be presented graaohically.

J. E. Burn. IHeiliois of Bioassay. pp. 50-52. Oxford, 1928,



lﬁxg. 28. Instead of ravbit uteri, rst uteri will ®e supplied. The s
rots will have been injected with diethyl stilbestrol.

The contents of the btath should be changed between each
drug.

-

Experiment 28 .
THE ACTION OF DRUGS ON THE ISOLATED UTLRUS

The apparatus should be set up with water in the large beaker and Lecke'!s
solution in the muscle bath. The solution in the muscle bath must be
maintained between 37°-380 C. It is necessary to have a separate beaker of
Locke's solution at the above temperature for washing out the muscle bath

after each drug is given.

Two rats will be provided for each two groups. Cne of the rats serves as
the normal, the other has been treated with dietnylstilbestrol. Kill the
rats with a sharp blow on the head, remove the uteri, divide the horns,

and place in warmed (37°~38° C.) Locke's solution. Each group should have
a uterine horn from a treated and non-treated rat. These should both be
attached to the glass hook provided so that longitudinal activity is
recorded. Be sure that ajr is bubbling through the Locke!s solution at a
moderate, constant rate, Each strip is connected to a heart lever so that
it is stretched slightly. The slowest speed on the kymograph will probably

be sufficient.

To obtain the maximum information from this experiment the following procedures
should be closely followed:

1, Make certain that a constant temperature is maintained in the water
bath. '
2. A good normal record should be obtained., This usually means a

record of 20-30 minutes in length after the kymograph is started. .
3. After a response to the drug is obtained the muscle bath should be

washed out with Locke's solution at least once. In some cases two or more

washings may be necessary.

L. After washing, a period of time must be allowed for the strips te
recover. Sometimes the rhythm will not revert to the type obtained in (2).
If it does not, time should be allewed for a proper recording of the new
level of activity. Probably a time period of 5-10 minutes should be
allowed from washing until the next drug is given.

5. After the last assigned drug is given repeat the first drug and
compare with the original record for that drug.

The follcwing drugs will be used:

Drug Amount ' Calculate Final Concen-
| tratien in Bath

Epinephrine 1 cc., of 1:10,000
Acetylcholine 1 cc. of 1:20,000
Posterior pituitary extract 1 cc. of 1:200
Pitressin 1 cc, of 1:400
Pitocin 1 cc. of 1:200

1 cc, of 1:10,000

Ergonovine





