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INTRODUCTION



INTRODUCTION

Mastitis has been a problem to the dairyman ever since cows have
been kept for milk production, Antibiotics have brought many improve=-
ments to the health and welfare of our society, Veterinarians have
always been eager to explore new treatments for mastitis, The results
of these investigations have created an immense volume of literature
concerning the relative merits of the various treatments,

One of the more recent antibiotics is neomycin, This drug has been
shown to be effective against a wide variety of organisms; therefore, it
is logical that neomycin be investigated for its effectiveness in the
treatment of bovine mastitis since there are several genera of causative
organisms involved in this disease,

In this study I have taken neomycin which had never been used in
dairy cattle and attempted to evaluate its safety, efficacy, and limi=-
tations in the treatment of bovine mastitis,

The following points have been considered: (1) The in vitro effects
of neomycin on the causative organisms of mastitis., (2) Its effects on
the udder tissues and milk, (3) Retention of the drug when infused into
the udder, (L) Blood levels following a single intramuscular injection,
(5) Results of its use in LO5 cases of mastitis based on bacteriological

findings.,
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REVIEW OF LITERATURE
I, NEOMYCIN

Neomycin as an antibiotic of therapeutic significance was first
brought to the attention of investigators in 1949 by Waksman and
Lechevalier (19L9a), They isolated the active principle from a soil

organism now listed in Bergy's Manual of Determinative Bacteriology as

Streptomyces fradiae, Neomycin sulfate is a basic compound, Originally

it was thought to be more active in an alkaline medium, This was later
shown to be inconsequential by the same workers (1950)., It is soluble in
water, insoluble in organic solvents, thermostable, and active against
many gram positive and gram negative bacteria., It was first mentioned as
an active agent against streptomycin-resistant bacteria, particularly
tubercule bacilli, Waksman listed among the desirable propertiss of
preparations of neomycin: 1, Similar activity against both streptomycin-
sensitive and streptomycin-resistant microorganisms. 2., Considerable

activity against various forms of Mycobacterium tuberculosis and other

mycobacteria, 3. Limited or no toxicity to animals., L. Marked activity
against other bacteria in vivo, including gram negative and gram positive.
5. The development of resistance against neomycin among organisms sensi-
tive to it has not been reported.

Waksman et al (19L9b) subsequently reported that neomycin is highly
effective against the ordinary pathogenic gram negative and gram positive

bacteria in a dose about 1/20 = 1/50 the toxic dose, Waksman, Frankel



and Graessle (1949c) reported that a crude neomycin, varying in potency
from 30 - 100 units/mg, was effective in experimental infections of

Staphylococcus aureus in mice, Salmonella schottmulleri of mice and chick

embryos, Salmonella pullorum of chick embryos, and Eberthella typhosa of

mice, Neomycin was as effective against streptomycin-resistant strains of

Staph. aureus and S. schottimulleri as against the streptomycin sensitive

strains, They also recorded that neomycin exerted no serious toxic
effects when instilled into the eye of a rabbit which is a standard pro-
cedure to determine irritability of a substance.

Hobby, Lenert and Dougherty (19L9) produced tables showing the anti-
bacterial spectrum of neomycin which reveals that it is highly active
against many gram negative microorganisms, It was less active against
gram positive organisms and showed no activity against twenty strains of
pathogenic fungi. They also reported that neomycin could be readily de=-
tected in the serum of injected animals.

Harme, Bernstein and Donovich (1950) reported that a dose of neomycin
of 10 mg per egg prolonged slightly the survival time of embryonated eggs
infected with vaccina virus, but did not prevent their death, Warth,
Chandler and Bliss (1950) reported that neomycin was the only antibiotic
studied in their laboratory that was potent against both Proteus and
Pseudomonas, Compared with aureomycin in vitro, neomycin was just as
effective against gram negative bacilli of the coli-aerogenes group,

Hemophilus influenzae staphylococci, and gram positive bacilli, It was

more effective against strains of proteus and pseudomonas and was less
active in inhibiting the growth of streptococci. Neomycin was valueless

in infections with hemolytic streptococci and the pneumococcus.



Felsenfeld, Volini and Ishihara (1950) stated that the action of
neomycin is strong, both in vitro and in vivo against gram negative rods,

tubercle bacilli, Bacillus anthracis, Listeria monocytogenes and intesti-

nal protozoa, Its action on gram positive cocci was variable. Adequate
doses of neomycin in vivo were able to prevent experimental salmonellosis,
cholera, tuberculosis, amebiosis and rickettsialpox.

A report of the committee on Medical Research and Therapy of the
American Medical Association (1950) stated that neomycin, which is active
against the tubercle bacillus in vitro and in vivo, is too toxic for
treatment of human tuberculosis, even on an experimental basis., The
unfavorable reactions attributed to neomycin treatment are deafness and
renal impairment,

Welch,Reedy and Wolfson (1950) reported on nine different common
antibiotics when used against experimental typhoid in mice. They placed
neomycin in the middle and chloromycetin is the most successful of the
group in treating cases of typhoid fever in man,

Waishren and Spink (1950) showed that neomycin was bactericidal in
concentrations equal to or only slightly higher than those in which it
was bacteriostatic,

Waksman, Katz, Lechevalier (195C), in an extensive study, showed a
very complete antibiotic spectrum for neomycin., Neomycin is active
against a variety of gram positive and gram negative bacteria, acid fast
bacteria and actinomycetes, but not against fungi and viruses., It has a
strong bacteriostatic and bactericidal effect upon various bacteria, The

amount of the antibiotic required for complete destruction of cells is



definitely correlated with the number of bacterial cells in a given
inoculum, No absolute resistance to neomycin has been observed. Neomycin
is highly stable; no activity was lost when a solution of neomycin was
adjusted to pH values ranging from 1.5 to 12 and kept at room temperature
for twenty-four hours., Nor was there any loss in activity when a solution
adjusted to pH 2 was heated for ten minutes at 60° and 100° C, A éolution
with a pH of 1 or 10 lost LO per cent of its activity after ten minutes of
heating at 120° C,

Felsenfeld, Volini, Young and Ishihara (1950) in a later report
stated that neomycin is very effective against tuberculosis, typhoid, and

other salmonella infections, Shigella, Vibrio cholerae, Pasteurella pestis,

Brucella, and Entamoeba histolytica, It was not effective against the

small sized viruses such as that of poliomyelitis. The same authors in
another paper (1950b) reported that in 127 patients, who received neomycin,
unfavorable sequelae developed in two cases. There was impairment of hear-
ing in one case and kidney irritation in the other., They also stated that
oral routes are not satisfactory for systemic therapy.

Clancy (1951) investigated the sensitivity of 171 strains of organisms
commonly encountered in a hospital diagnostic laboratory, He found neo-

mycin to be highly active against Aerobacter aerogenes, Klebsiella

pneumoniae and Micrococcus aureus variety pyogenes. A1l the gram positive

rods studied yielded except clostridia. Streptococci were rather resistant
when tested in a tube test, Many proteus and pseudomonas strains were

moderately sensitive to neomycin upon overnight incubation; bacteriostasis



was evident up to seven days and showed an unusual potentiality for the
development of neomycin resistance,

In vitro work done by Prier (1951) with the seven commonest anti-
biotics showed terramycin to rank first and neomycin second in activity

toward four strains of Vibrio fetus,

Waishren (1951) divulged that neomycin was used in two cases. In one
case before its toxicity was established, and in the second case, when
in vitro tests showed it to be by far the most active agent against an
unclassified bacillus isolated from the blood of a critically ill child,
He felt the neomycin probably saved the life of the patient in both
instances but attributed the deafness that developed in one child to a
harmful effect of the treatment.

Poth, Fromm and Wise (1951) felt that oral medication of neomycin
was an excellent intestinal antiseptic as it reduced the bacterial flora
of the stool to nil, They reported yeasts to be present. They also felt
certain that there was no influence on the blood clotting mechanism or
clotting time. They observed that neomycin promotes tissue healing in
intestinal surgery.

When neomycin is administered parenterally it is found in the blood
and eliminated in the urine., The only assay procedures for neomycin are
those that Hanson and Collingsworth (19L9) adapted from procedures used

for streptomycin in blood and urine.



II. ORGANISMS CAUSING MASTITIS

According to the E. Munch-Petersen survey (1938) of the literature
on bovine mastitis, credit goes to Nocard and Mollereau (188L; 1885; 1887)
for the first description of a micrcorganism, and, more particularly, a
streptococcus as a cause of mastitis. No specific generic name was
assigned to the organism but it was listed as having the same biochemical

behavior as the organism that i1s now known as Streptococcus agalactiae.

Bang (1£89) described an organiesm identical with that described by
Nocard and Mollereau as a cause of mastitis, (E. Munch-Petersen 19386).

In the book, Bovine Mastitis, by Little, Brown and Plastridge, (19L6),

Chapter V, it is stated that "Streptococci are regarded as responsible for
at least 85 per cent of the chronic mastitis observed in dairy cattle.
In about 80 per cent of these conditions the organism responsible is

Streptococcus agalactiae, Other streptococci in order of importance are

Str. uberis, Str. dyagalactiae and strongly hemolytic Group C and Group G

streptococci (Lancefield) ."
The opinions of the various workers differ as to the role of staphy-

lococci as the etiological agent in mastitis, In the book, Bovine Mastitis

it was stated: "While some reports in the early literature suggested
that staphylococci were normal inhabitants of the udder, others incrimi-
nated staphylococcus as a cause of mastitis, In 1889, Lucet reported the
finding of gelatin-liquefying micrococci in the secretion of 7 of 21
‘animals affected with mastitis, Other early investigators, including

Guillebeau, Steiger, Savage, Jones, Carpenter, Hardenburg and Schlotthauer



found that staphylococcl were present in a significant proportion of
abnormal udder secretions in which streptococci were absent M

Miscellaneous organisms causing mastitis, described in the textbook

Bovine Mastitis (19L6), are: Escherichia coli, Aerobacter aerogenes,

Corynebacterium pyogenes, Pseudomonas aeruginosa, Fasteurella septica,

Actinomyces necrophorus, Clostridium perfringens and yeasts.

III, LOCAL IRRITATION AS EVILENCED BY LEUCOCYTE RESPONSE

Leucocytes are normally found in freshly drawn milk, However in
abnormalities involving the mammary gland, the leucocyte count is altered,
both in pumbers and kind, Merely striking the udder with the fist will
cause an outpouring of leucocytes, They'are a good indication of irri-
tation produced by certain substances in the udder, (Bryan 19L8) . Even
reinjection of withdrawn milk will result in a temporary increase in the
white cell count., Authors do not agree as to what is a normal leucocyte
count in milk, but it is generally assumed that there are less than a
million leucocytes per ml in milk from a healthy, normal udder of a cow
(Bryan 19L8) . However, in an infected udder, there is not necessarily a
"high cell. count, Klein and Learmouth (1935) showed that irritants increase
cell counts which are a measure of the irritating qualities of a product,
This, then, to some degree, would be a toxicity determining factor, Many
drugs create a high cell count which persists for a period of several
days, Others give only slight increases of only a few days! auration,

A cow will establish a pattern of numbers and will generally return to a

similar level after stimulation by an irritant.






IV, DIAGNGSIS

From the many articles that have been published dealing with diag-
nosis, it would seem that the direct microscopic procedure is the most
reliable, Particularly significant are the early reports of Plastridge
(1935) dealing with microscopic diagnosis. Murphy (1932), Hucker (1942,
Biddle (19LL), Cone (19L0), Ferguson (19L0), Kelser (1950), Klien (1935,
1938) , Palmer (19L40), Schalm (194L), Slanetz (1939), and Udall (1947) all
contributed to the development of mastitis diagnostic methods. Hotis
(1936) developed the test that bears his name. Kleckner (191, 19L2a,
19L2b) published a great deal on efficiency and practicability of various
procedures to diagnose mastitis.

Murphy (1939, 1941, 19L3a, 19L3b) also published on the efficiency
and practicability of some methods. Bryan (1947) modified the Hotis pro-
cedure to add convenience and accuracy. Several outstanding articles by
Bryan et al (1932, 1933, 1940, 1943, 19L7, 19L8) both of a review nature
and original contributions have appeared. The book of Little and Flastridge
(1946) on bovine masfitis gives an excellent review of methods of diagnosis,
The recent bulletin by Merilan, Hérman, Edmondson, Tallman and Crisler
(1950) from the Missouri Agricultural Experimental Station gives much
information on the evaluation of diagnostic procedures,

The publication of Brown and Bryan (1950) is very interesting. They
collected samples from a non-infected and an infected cow's udder every
day for six months. On the basis of microscopic examination of the speci-
mens collected they demonstrated the reliability of the direct microscopic
procedure, As a matter of fact, they reported 100 per cent efficiency

for this method, the only one that is so reliable, The work of Brown and
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Bryan showed blood agar and Edward's Esculin Agar to be 96 per cent, the
Hotis test €5 per cent and chloride content percentages as only 35 per
cent accurate, The leucocyte count method was only &3 per cent accurate,
giving wrong results in both positive and negative cows. Thybromol tests
gave 1l per cent inaccuracies over all.

In the final analysis the results of Brown and Bryan were comparable
to the results published by Merilan et al (1950), Malcolm (19L2), Fay

(1938), Roach (19LL), Rowland (1939), Johns and Hastines (1938).

V. ASSAY

To learn something of the sojourn of a drug, in the body, assay
procedures for body>fluids have been developed, These must be studied
uhen.evaluating a new antibiotic, Detailed procedures for assay of
penicillin are discussed by Schmidt and Moyer (19LL). They described a
cylinder plate method and a serial dilution procedure using Staph. aureus.

Rosenblatt, Altun, kerber, Kashdan and Loeuve (19LL) gave a procedure
for the determination of penicillin levels in body fluids involving Staph.
pPyogenes with serial dilution techniques, -

Cooke (1945) developed a simple clinical method for assay of
penicillin in body fluids, He first used a known concentration of the
antibiotic against the organisms to establish their sensitivity. He then
used the body fluids containing the unknown concentrations of penicillin
against th;se organisms to determine the amount of antibiotic present.

Kirby and Rantz (19LkL) discussed the Oxford cup detection method and

attempted to establish the superiority of a turbidimetric method., This



presupposes that a clear solution is to be examined. Therefore, another
problem is encountered when milk is the fluid involved,

DeBeer and Sherwood (19L5) evolved a paper disc agar plate method
for the assay of antibiotic substances. They used absorbent paper discs
and established curves with known amounts and plotted unknowns into a

curve on a graph using Bacillus subtilis as a test organism. They demon-

strated statistically the accuracy of this type of assay.
Price, Nielsen and Welch (19L6) adapted a procedure for estimation

of streptomycin in body fluids, They selected Bacillus circulans as the

test organism and adapted a suitable serial dilution technique.

Loo, Shell and Thornberry (19L5) published a procedure for assay of
streptomycin by the paper disc method., They used a susceptible strain of
B. subtilis, Standard curves were prepared from zones of inhibition on
Bacto=-streptomycin assay agar using a Schleicher, Schnell disc containing
a volume of 0,08 ml of antibiotic delivered with a calibrated pipette of
this capacity.

Hirsch (1950), writing on the assay of the antibiotic nisen, stated
that because nisen does not diffuse quickly through the agar it must be
assayed by dilution methods., Also, because it is bactericidal and not

merely bacteriostatic it may be assayed by estimating numbers of surviving

bacteria. With Str. agalactiae as the test organism, it may also be

assayed in terms of acid production.

Bond and Nook (19L8) could detect as little as 0,02 units per ml of
bacitracin in blood serﬁm, urine or saliva. They used a hemolytic strepto-
coccus in penicillin assay agar plates. Their method involved a standard

curve,
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Watts and McLeod (19L6) suggested a way to estimate penicillin levels
in blood serum and milk of bovines after intramuscular injections by the
use of litmus milk and susceptible acid producing strains of bacteria in
various dilutions. Other outstanding articles have appeared by Foster and
Wwoodruff (19L5), Jackson and Finland (1945), Randall et al (19L5) and
Welch et al (1945).

The Federal Security Commission (1950) through the Food and Drug
Administration maintains and publishes up-to-date information on methods,

criteria and regulations pertaining to the assay of antibiotics,



MATERIALS AND METHODS
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MATERIALS AND METHODS
The following procedures were used in performing the investigation.
I, SENSITIVITY TEST

A, Cultures

Cultures of Staph. aureus 26, Str. agalactiae 15, Str, dyagalactiae

22, Str. uberis 29, E, coli 30 and Ps. aeruginosa 33 were used. These
were from a stock accumulated from cases of infectious mastitis by various
members of the staff of Bacﬂeriology and Surgery and Medicine over a period
of many years., They have been maintained by monthly transfer on tryptose
agar slants and stored in a refrigerator at 38° - LO° F.

The growth phase of these cultures was stimulated by daily transfers
for several days. This tends to stimulate a constant, rapid, uniform and

more vigorous growth when used in a sensitivity test.

B. Standard Solution of Neomycin

One quarﬁer of a gram of neomycin sulfate was weighed and dissolved
in 25 ml of sterile distilled water; therefore each ml contained .01 gm.
Ten ml of the solution was combined with 90 ml of sterile distilled water,

Thus, each ml contained 0,001 gm,

C. Method
1. A row of 25 sterile 6 inch tubes was placed in a rack,
2. One ml of Difco's nutrient tryptose broth was placed in all but

the first tube of the above series,



3. Usihg a one ml sterile pipette, one ml of neomycin containing
0.001 gm (Step B) was placed in tubes 1 and 2, The contents of tube 2
was mixed and one ml was transferred into tube 3 and then mixed. One ml
was removed from tube 3 and mixed with the contents of tube L and so forth,
resulting in tube 1 containing .001 gm per ml; tube 2 .0005 gm per ml ard
tube 3 .00025 gm per ml and so forth,

L, Each series of tubes was then inoculated with a standard loopful
of the 2L hour tryptose broth culture of each bacterium,

5. The tubes were incubated at 37° C, for forty-eight hours.

6. The end point was considered to have been reached in the tube
which first showed growth, If, in the series, the tube to first show
growth was tube 3, ,0005 gm per ml was the lowest concentration of neo=-

mycin to inhibit that organism.

II., IRRITATION STUDIES

A, Animals

Normal, healthy cows were used, The animals were housed in separate
box stalls, fed a good quality hay and grain ration, They were hand
milked at 7:30 in the morning and L:30 in the afternoon by the same care-
taker,

Each quarter of the udder of a cow is a separate functional unit as
shown by the work of Turner and his group (19L8). Bryan (19L8) also
showed that responses to irritation with resulting changes are confined

to the local area or quarter involved,
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A period was spent establishing normals for each quarter of an udder
by regular collection of milk samples and determination of their constitu-
ents, Varying amounts, as indicated in the results, were infused aseptic-
ally into the quarters,

In preparation for infecting a quarter with S. agalactiae, the same
strain used in the sensitivity procedure was transferred in broth for
several days. Two ml of a 24 hour broth culture was introduced with a
teat canula, The udder was roughly handled to insure establishment of

the infection, Daily samples were collected to insure continued infection

of the quarter.

B, Sampling
Samples were collected at 8:30 A M, and L:00 P,M, An observation

period of one week was used during which regular samples were collected,
A strip cup was used in order to observe the gross appearance of the milk,
The ventral aspect of the udder and particularly the teat orifices were
then treated with a solution containing LOO P.,P .M, available chlorine,
Streams of milk were drawn directly into a LO ml test tube and the samples
were immediately taken to the laboratory., Sampling continued at regular
intervals until the milk was normal in all respects, Observation and

palpation of the udder were made whenever samples were collected.

C. Effect of the Drug on the Udder and Milk

1. Leucocyte Counts The procedure used was that of Bryan, Mallman

and Turncy (13.7) devised for counting bacteria in raw milk. In brief,

a flamed loop with an outside diameter of L mm, which was made of a 2L
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gauge German silver wire, bent around a 6 penny box nail, was immersed
and withdrawn from the sample of milk. The milk was spread over an area
L mm x 8 mm on a grease-free glass slide. The film was air dried and
stained by the three jar procedure of Xylol, 95 per cent alcohol and
methylene blue, one minute in each. The slide was washed on the reverse
side of the film to remove the excess stain., After the slide was dry, the
smears were examined under an oil immersion objective with a calibrated
microscope. The microscope used has a factor of 300,000 so if each field
has an average of one leucocyte, the milk has a count of 300,000 per ml,

2., The Methylene Blue Testt The procedure used was described in the

American Public Health Association Standard Methods for the Examination

of Dairy Products 9th edition, This test, when used on freshly drawn

milk, is a measure of leucocyte concentration and not bacterial reduction
in milk (McClement 1939 and McBride 1951).

3. ~he Hesazurin Test: This test is a determination similar to that

of the Methylene Blue Test., The procedure was described in the AP H.A.

Standard Methods for the Examination of Dairy Products, 9th edition,

L. Hydrogen ion concentration, pH: A model H-2 Beckman pH meter was

used to determine the pH of the milk. The meter was standardized prior
to use with a buffered solution of pH 7.

5. Chloride content: The procedure was that of Cone (19L0), using

.2 ml of milk placed in a test tube, Five tenths cc of KCLrO; and .5 ml
of AgNO; was added, With a 1 ml pipette with .1 graduations, milk was

added by .l ml quantities until a constant lemon yellow color developed,
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From the amount of milk needed for the titration the percentage of chloride
in the milk was determined by reference to a chart.

6. Standard Plate Countst The procedure used was that described in

the 9th edition of the A,P H.A., handbook for milk analysis,

III., ASSAY OF NEOMYCIN

A, Animals Used and Administration of Drugs

Healthy cows maintained under optimal conditions of herd management
were used, The neomycin was dissolved in sterile distilled water. The
injection site was clezansed with liquid germicidal detergent. A steam
sterilized needle and syringe were used to inject the material in the

gluteal muscle,

B. Samgles

The jugular furrow was rubbed with an antiseptic, California bleed-
ing needles that were steam sterilized were used to pierce the jugular
vein and 10 ml of blood was allowed to flow into a sterile Kahn vial con-
taining 3 crystals of sodium citrate (C,P.). The vials were gently shaken

to prevént clotting.

C. Assay
This procedure was developed by Hanson and Collingsworth (19L9) and

is reproduced with their permission., The neomycin assay method follows:

1., Preparation of Plates: The plate medium contains 25 gm of Difco

streptomycin assay agar per liter, The medium can also be prepared from
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the ingredients listed in the reference cited above, The pH of the medium
should be 8.0 + 0.1.

After sterilization the medium is cooled to 60° C, and about 7 ml,
of the B. subtilis spore suspension is added per liter. The volume of
spore suspension to be used is indicated on each bottle of spores. The
medium is shaken thoroughly and allowed to set until no air bubbles are
present,

Five ml of inoculated agar is transferred to each flat bottom Petri

dish and allowed to solidify., It is important to prepare the plates on a

level surface to obtain a uniform thickness of the agar layer. The agar
plates should be stored at refrigeration temperatures until used,

2, Addition of NaOH to Blood: The pH of blood samples and normal

blood for diluting is adjusted by adding 0,1 ml of O,1 molar NaOH to 5 mlL
of blood, About LO ml of normal adjusted blood is required for the prepa=
ration of standard solutions and dilution of samples,

3. Preparation of Standards: An aqueous solution containing 1 mg of

neomycin per ml is prepared, and 0,1 ml of this solution is added to 6,15
ml of adjusted normal blood. This blood contains 16 micrograms of
neomycin per ml and this is the highest level used for the standard curve,
Serial dilutions with adjusted blood give standards containing 8, L, 2, 1
and 0.5 micrograms of neomycin per ml,

L. Preparation of Samples: Blood samples obtained after treatment

are adjusted with NaOH as described above. If levels higher than 16
micrograms per ml are anticipated, serial dilutions are prepared using

adjusted normal blood, Several dilutions of each sample are set up on
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the assay plates so that inhibition zones of at least one dilution will

be within the range of the standard curve.

S.IPlating the Standards and Samples: Paper discs, having a diameter

of 1/l inch, are saturated by dipping them into either standards or
samples, Excess solution is removed by touching the discs to the edge of
the sample bottle,

For setting up the standard curve, discs containing the six standards
are distributed on a plate and eight replicate plates are made, A disc
for each of five blood samples and of the 2 micrograms per ml standard is
placed on a plate and four replicate plates are prepared. The plates are
placed in an incubator at 30° C. for 16 to 20 hours,

6. Estimation of Potency: After incubation, the diameters of the

zones of inhibition are measured in mm and diameters of replicate zones
are averaged, Zone diameters for the six standards are plotted against
micrograms of neomycin per ml to obtain the standard curve. Typical read-
ings are given below:

Neomycin Zone Diameter
micrograms/ml. mm,

1 1.1

O MO
]
b
L]
(o))

.5 7.11
Zone diameters for the blood samples are converted to micrograms
per ml by using the standard curve, An example of a typical result is

given below:



Potency of Potency of
Sample Dilution Zone Size Dilution Sample
mm, micrograms/ml. micrograms/ml,
1 hr, 1:2 11.8 5.0 10.0
l:4 10.8 2.8 11.2
D, Milk

1. The preparation of the plates was identical with the procedure
used for blood,

2, Preparation of Standards: An aqueous solution containing 1 mg of

neomycin was added to 6.15 ml of skim milk, (This skim milk had been
boiled for one half hour before use,) Milk with a normal pH of 6.7 was
chosen, This milk sample then contained 16 micrograms of neomycin per ml
and this was the highest level used for the standard curve, Standards
with skim milk were prepared by serial dilution containing 8, L, 2, 1 and
0.5 micrograms of neomycin per ml,

3. When levels greater than 16 micrograms per ml were anticipated,
dilutions using sterile distilled water were made.

L. The balance of the procedure was the same as steps 5 and 6 as

used for assay of blood.

IV, DIAGNOSIS

A, Direct Microscopic Method for Diagnosis of Mastitis

Samples were never collected within two hours after a complete milke
ing, The ideal time as reported by Bryan (19L7) was prior to a milking,
A strip cup was used to discard the first streams of milk and remove the

seal from the teat orifice, This also permitted a gross examination of
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the milk, The cow's udder was then washed with a chlorine solution,

A sample was collected in a sterile container and brought to the labora-
tory. Where plating and culturing was indicated, plates were made at
this point, Where only direct microscopic results were indicated, samples
were incubated fifteen to eighteen hours at 37° C.; films were prepared
as mentioned for leucocyte counts., These films were then examined by
microscope using the oil immersion objective, If any chains of five or
more elements were noted, the sample would be considered infected with
streptococci. If there was a high cell count and clusters of micrococci,
a diagnosis of staphylococcal infection was made. Also needed was an
accompanying history of some gross abnormality (Bryan 19L7). When short
rods and cells plus a clinical history of acute onset of infection was
noted and a subsequent transfer of milk to brilliant green broth resulted
in gas formation upon incubation, a diagnosis of coliform infection was
made, If no gas formation occurs, a diagnosis of pseudomonas infection
was tentatively made and confirmed taxonomically., In the cases showing
gross abnormality of the udder with no bacteria demonstrable, a diagnosis
of non-infectious mastitis was made, When no bacteria or high cell count
or history of abnormality was present, the cow was considered negative,
(Bryan 1947). A cow that shows non-pathogenic bacteria at 21 days was

considered cured, (Federal Security Agency 1950).

B, Identification of Organisms

Primary culture was made on 5 per cent blood tryptose agar and

Edward!s Esculin agar, Suspicious colonies were picked and grown in
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tryptose broth and then classified according to Breed's (19L8) book

Bergey!s Manual of Determinative Bacteriology.

V. TREATMENT OF ANIMALS

A, Acute Cases

The majority of these animals were in the college herds. Excellent
cooperation existed between the departments of Dairy Husbandry and Surgery
and Medicine, Whenever an animal showed amy abnormality involving the
udder or milk a call for service was immediately made. Such cases were
attended before four hours had elapsed from the previous milking. When
an acutely affected animal was first seen by the veterinarian the tempera-
ture was taken, the udder and milk examined, and samples were collected.
The involved quarter was milked dry.

If there was a fever, sulfamethazine was given orally at the rate of
1 grain per pound of body weight. If the cow remained febrile the next
day, the dose was repeated, When a cow remained dull and there was atory
of the rumen, ruminatorics were administered, If an animal returned to a
normal temperature and did not eat on the third day, a rumen liquor
transfer was administered from a rumen fistula cow on the farm,

Local treatment of the udder consisted of removal of the milk, wash-
ing the teat orifice and infusion of 0,5 gm neomycin sulfate dissolved in
10 ml of water, If the condition of the animal remained unsatisfactory,

medication of the udder was repeated, Whenever material was placed in the

udder, it was followed by massage to facilitate more extensive permeation
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of the drug. Samples of the milk were collected at intervals and examined
for the presence of bacteria following treatment, A re-check was always

made at an interval of 21 days after treatment.

B, Chronic Mastitis

Only cows known to be infected were treated. All four quarters were
always treated and quarter samples were collected at the time of treatment
to determine the quarters actually infected, and, when cows were retested,
quarter samples were collected from treated cows and subsequent treatments
were administered to infected quarters. Cows were treated at a time when
there would be at least a 10-hour time lapse before a milking., The amount
of the aqueous solution used varied from 5 ml to 30 ml in which 0,25 to 1
gm of neomycin was dissolved., The ointments contained 0.5 gm of neomycin
per 3.5 gms of vehicle.

The udder and teat orifice were always washed with a bactericidal

solution before anything was placed in the udder,
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RESULTS AND DISCUSSION

I. IN VITRO STUDIES

¥hen the organisms from infectious mastitis were exposed to the

dilutions of neomycin as outlined in the procedure, Staph., aureus showed

no growth until tube 20; therefore, 0,000000039 gm or 0,039 micrograms

of neomycin sulfate per ml inhibited Staph. aureus strain 26 for L8 hours.

Str. agalactiae grew first in tube 21 so 0.000000020 gm (0,02 micrograms)

per ml inhibited its growth. Str. dyagalactiae grew first in tube 21 but

failed to grow in tube 20, so in this case 0,02 micrograms inhibited this
organism, Str. uberis was less vigorous as it failed to grow in tube 21
but grew in the remaining tubes, Thus 0,010 micrograms inhibited this
strain of the organism. E. coli #30 was less susceptible; showing growth
from tube 17 on, therefore 0.3l micrograms of neomycin was needed to
inhibit the growth of this organism. Ps. aerugirosa grew from tube 15 on,
therefore 1.25 micrograms per ml was needed in this determination,

This series was duplicated using the same procedure and only the end
point of E, coli varied, which went out another tube, A third determina-
tion was made using 5 less tubes and diluting stock solutions of neomycin
1ml to 99 ml or 1-100 instead of the 1=10. The results are set forth in
the Table I, All discrepancies can be attributed to normal variations

in the dilution technique., These results show the small concentration of

neomycin that was sufficient to control the growth in vitro of the



principal organisms which are at present known to be the etiological agents
of infectious bovine mastitis, Since some of the organisms are gram
pdsitive and some gram negative it shows the effectiveness of the drug for

both groups,

IT, IKRITATING EFFECT ON THE UDDER

In eventual acceptance of a drug for mastitis treatment, little or
no irritating effect on the udder is of prime importance. Changes in the
milk with respect to gross appearance, pH, chloride content and leucocyte
counts are indications of the irritating effect of a product when placed
in the udder, (Jackson 1950).

Table II shows leucocyte counts, chloride content, pH, resazurin
class and standard plate counts respectively for an animal, The milk from
this cow was normal in appearance on strip cup examination at all times,
Normal leucocyte counts were from 60,000 per ml to 300,000 per ml before
any material was introduced into the udder. The animal was free from
bacterial infection., The cow was a grade Holstein, giving about 20 pounds
of milk a day. Her butterfat test was 3.3.

After injection of: one gram neomycin in the right front quarter,
0.5gm in the left front, 0,25 gm in left rear and 10 ml of water in the
right rear quarter which was the vehicle used for all infusions. The
leucocyte counts seven hours after treatment were 15 million, 15 million,
10 million and 100 thousand respectively. Twenty-four hours later counts

were still high, showing 10, 5, 3 millions and 100 thousand respectively.



TABLE I

Number of Micrograms of Neomycin Sulfate Required to Inhibit
Mastitis-causing Organisms for L8 Hours in vitro

— -— -

Test Organism 1st Trial 2nd Trial 3rd Trial
Str, agalactiae #15 0.02 0.02 0.039
Str, dyagalactiae #22 0.02 0.02 0.02
Str, uberis #29 0.01 0.01 0.01
Staph. aureus #26 0.0L 0.0l 0.0L
E. coli #30 0.31 0.155 0.31

Ps. aeruginosa #33 1.25 1.25 1.25




27

By 96 hours the cell counts were nearly normal, At no time was there ary
gross abnormality of the milk,

During the period preceding injections the chloride content was less
than .1L per cent. The samples collected seven hours after infusion showed
a chloride content of over ,20 per cent, There was a gradual return of
the chloride content until a normal was reached after 96 hours.

The pH of the milk showed a pattern very similar to the chloride con-
tent in terms of hours before returning to normal,

The resazurin class of the milk returned to one after 72 hours,

The standard plate counts of the milk during the observation period
varied from a low of zero to a high of 14O bacteria per ml, The loga-
rithmic average would be 50 per ml, The counts on milk from treated
quarters showed no bacteria at 2L and L8 hours and only 10 per ml at 72
hours.,

There did not appear to be any regularity in the response to the
various dosage levels in the different quarters,

On a second cow, Table III, 5 grams, 3 grams, 2 grams and 1 gram of
neomycin in 10 ml of sterile distilled water were placed in the quarters
of the udder, The 1 gram dose in the KR quarter was repeated 24 hours
later, The milk from all quarters remained normal.in appearance as viewed
in a strip cup. When judged by the leucocyte count, pH, resazurin class,
chloride content and standard plate count, the quarter receiving 5 grams
was normal 104 hours later, The quarter receiving 3 gms was normal at
96 hours as was the one receiving 2 gms., The quarter receiving 1 gm and
another gm 24 hours later was normal on the morning of the fourth day from

the last treatment,
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The preceding experiments indicate that no lasting harmful sequelae
followed the infusion of amounts of neomycin ranging from 0.25 gm to 5 gms.
In order to determine if an infected udder would respond, a cow was experi=-

mentally infected with the test organism, Str. agalactiae 15, In Table IV

there is a complete summary of the status of this animal before infection,
during infection and following treatments,

Six days after artificial infection, treatment was instituted by
infusing 10 ml sterile water solutions containing 0.25 gm, 0.5 gm and 1
gm of neomycin into the RF, LF, and LR respectively and the 0,5 gm dose
repeated 2L hours later in kKR. Response was favorable in all the quarters,
The favorable response in treatment was attributed to the fact that they
were administered soon after infection took place and there was limited
induration of the udder, Some retention data were also assembled from
this series of treatments and indicated that neomycin remained in the
milk in detectable amounts for 72 hours.

A1l quarters were negative at the next milking and remained so for
the next 21 days, The irritation from the treatment was not as severe
as the infection when judged on the basis of the leucocyte count, chloride

content, pH and resazurin class,

III, KRETENTION OF NEOMYCIN

Milk
Specific indications of concentration and persistence of neomycin in

the milk of a normal healthy cow were obtained. The subject was in the
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TABLE II
Irritation Determinations
(Cow H60)
Leucocyte Counts Chloride Content

Date RFLF IR _RR RF LF LR RR
3=6=50 100T 300T 300T 200T B TR VR ¥ TR O 1
3=-7-50 200T 200T 300T 100T 1 T T P TR
3-8-50 9 AM, 100T 100T 200T 100T B P TR U TR § TR V1
3-8-50 L P M, 60T  LOT 100T 60T JAb L 1L AL
3-9-50 9 A M, 100T 200T 300T 200T AL L ALk Ak
3-9-50 9:15 AM . * - - - - - - - -
3-9-50 L P M, 15Mxk 15Ms 10Ms® 100T#* ,20 ,20 ,20 .15
3-10-50 9 A M, 10 S M 100T 20 18 .18 1k
3-10-50 L P .M, 24 M 1M 50T A8 19 a8 1L
3-11-50 9 A M, M 1M 1M 1007 Jd6 16 16 1k
3-11-50 L P .M, IM 1M 1M 100T A7 a6 16 1L
3-12-50 10 A M, IM 1M 1M 100T A6 16 16 Ak
3-13-50 9 A M, M 600T 1M 100T Jd6 15 16 b
3-13-50 L P.M, 300T 300T 720T 200T o A TR T § TR
3-14-50 9 A M, LOOT LOOT 300T 100T JAs 15 1L 1k
3-14=50 L P M, 100T 100T 100T 60T AL Lk ALk 1k
3-15-50 9 A M, 200T 200T 300T 100T 0 TR U VI O IO O
3-15-50 L P .M, 100T 100T 100T 100T Jds 15 1L s
3=16-50 9 A M, 200T 100T 200T 100T o TR § PO TR 4

¥ One gram RF, .5 gm LF, .25 gm LR in 10 ml of water for each

and 10 ml water in RR,

3¢ Samples collected before milking.



TAELE II A

Irritation Determinations

(Cow HEO)
pH Resazurin Class

Date RF LF LR RR RF IF LR RR
3-6-50 6.7 6.7 6.1 6.7 1 1 1
3-7-50 6.7 6.75 6.7 6.65 1 1 1
3-8-50 9 AM, 6.7 6.7 6.1 6.7 1 1 1 1
3-8-50 L PM, 6.6 6.7 6.1 6.7 ‘
3-9-50 9 AM, 6.7 6.1 6.1 6.7 1 1 1 1
3-9-50 9:15 A M.*
3-9-50 L P.M. 6.L  6.L5 6.4 6.65 L L L
3-10-50 9 A.M, 6. 6.5 6.5 6.7 L L L 1
3-10-50 L P .M, 6.5 6.55 6.5 6.7
3-11=50 9 A M, 6.6 6.6 6.6 6,65 3 2 2
3-11-50 L P .M, 6.6 6.65 6.65 6.7 |
3-12-50 10 A M, 6.6 6.7 6.1 6.7
3-13-50 9 A M, 6.7 6.65 6.7 6,65 2 1 1
3-13-50 L4 P .M, 6.6 6.7 6.7 6.7
3-14=50 9 A M, 6.7 6.15 6.7 6.7 1 1 1 1
3-14=-50 L P .M. 6.7 6.7 6.7 6.7
3-15-50 9 A M, 6.75 6.75 6.15 6.75 1 1 1 1
3-15-50 L P M, 6.7 6.7 6.7 6.7
3-16~50 9 A M, 6.7 6.7 6.1 6.65

% One gram RF, .5 gm LF, .25 gm 1 LR in 10 ml of water for each
and 10 ml water in RR,

3% Samples collected before milking.
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TABLE II B
Irritation Determinations
(Cow H60)
Standard Plate Counts
Date RF LF Lk RR
3-6-50 120 140 60 0
3-7-50 20 100 8 Lo
3-8-50 9 A M % &0 10 0] 20
3-8=50 L P .M s
3-9-50 9 AM, 60 Lo 30 80
3-9-50 9:15 A M.#
3-9~50 L P M, 0O 10 0o Lo
3-10-50 9 A M, 0 0 0 60
3-10-50 L P .M,
3-11-50 9 A M. 20 0 10 110
3-11-50 L P M.
3=12-50 10 A M.
3-13-50 9 A M, 10 30 20 ko
3-13-50 4 P .M.
3-1L-50 9 A M, 20 o Lo 0
3-1L4-50 L P.M,
3-15-50 9 A M, 6 70 20 80

3-15-50 L P.M,
3-16-50 9 A M,

#* One gm RF, ,5 gm LF, .25 gm LR in 10 ml of water for each
and 10 ml water in RR.

## Samples collected after A.M. milking.

#t% Samples collected before P.M, milking.
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TABLE III
Irritation of the Udder with Neomycin
(Cow H70)
Leucocyte Counts pd

Date RF LF LR RR RF LF LR RR
L-2-51 A M, 200T 100T 60T 100T 6.7 6.1 6.5 6.7
L-2-51 P M, 300T 200T 100T 100T 6.75 6.1 6.7 6.7
L-3-51 A M, 200T 100T 100T 200T 6.7 6.7 6.7 6.7
L-3-51 P.M. 200T 50T 50T 100T 6.7 6.1 6.65 6.7
L-L-51 AM, 100T 100T 75T 200T 6.7 6.1 6.1 6.7
L-6-51 AM, 60T 100T 100T 100T 6.7 6.7 6.1 6.7
L=9-51 A M, 100T 200T 100T 200T 6.7 6.65 6.7 6.7

Animal infused with neomycin after A M, milking with 5 grams RF, 3 grams

LF, 2 grams LR, 1 gram RR, Each was contained in a 10 ml solution, The

1 gram was repeated the next morning for RR.

L=9-51 P .M,
L=10-51 A .M,

L-10-51 P M. .

L-11-51 A M,
4-11-51 P.M,
L-12-51 A M,
4=12-51 P .M,
L=13-51 A.M,
L-13-51 P.M.
L-1k=51 A M.
L-15-51 A M,
L-16=-51 A M,

20M
20M
L
10M
10M
oM
M
500T
200T
100T
200T

100T

20M
20M
15M
10M
&
5M
1M
200T
100T
200T
100T

200T

20M
20M
15M
10M
&M
M
500T
300T
60T
100T
60T

100T

15M
20M
15M
10M
™
1M
500T

LooTr

100T
LoT

100T

6.6
6.5
6.l
6.5
6.6
6.5
6.7
6.7
6.75
6.7
6.7
6.7

6.6
6.5
6.l
6.5
6.6
6.65
6.7
6.7
6.7
6.8
6.7
6.7

6.65
6.5
6.4
6.6
6.6
6.7
6.7
6.7
6.7
6.7
6.7
6.7

6.6
6.5
6.5
6.5
6.6
6.5
6.7
6.7
6.7
6.7
6.7
6.7
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TABLE III A
Irritation of the Udder with Neomycin
(Cow H70)
Kesazurin Test  Chloride Content Standard Flate
Date Count

RF LF LR RR K LF LR RR RF LF LR RR
L=-2-51 A M, 1 1 1 1 Ah b bk 1k 80 20 Lo 100
L-2-51 P .M. 1 1 1 1 AL 1L L b
L-3-51 A M, 1 1, 1 1 Ay bk ALk AL 60 90 70 80
L-3-51 P M, 1 1 1 1 Jdbh L 15 1L
L-L-51 A .M, 1 1 1 1 JAb 1k 1k
L-6-51 A M, 1 1 1 1 JAbh bk 1L b 100 20 80 20
L-9-51 A M, 1 1 1 1 Jdh a1y ah Jak Lo 60 30 8

Animal infused with neomycin after AM. milking with 5 grams RF, 3 grams

LF, 2 grams LR, 1 gram KR. Each was contained in a 10 ml solution,

1 gram was repeated the next morning for ERR.

L=9-51 P M, L L L L .20 ,20 ,20 ,20 O O O
b-10-51 AM, L L L L 20 ,20 ,20 20 O 0 O
h-lo;sl PM, L L L L .20 ,20 ,20 ,20
L-11-51 AM, L L k L 20 20 ,20 20 0 10 O
L=11-51 PM, L L 3 3 20 .20 .19 .19
Lh-12-5L AM. L 3 2 2 .20 ,20 ,8 .18 L0 30 20
L-12-51 PM, 2 2 1 2 A6 15 .17 16
L=13-51 AM, 2 1 1 1 A5 b Ak Lk 20 60 80
L-13-51PM, 1 1 1 1 JA5 Lk 1bh
L=l4=51 AM., 1 1 1 1 Jdb 1k Lk 60 10 20
L=15-51 AM, 1 1 1 1 S TR F IR D TR VY
L<16-51 AM, 1 1 1 1 S TR PR TR V1

The

10

20

Lo

30
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middle of her lactation period, giving approximately 15 pounds in the
morning and 8 pounds in the evening. The quarters were infused with 1 gm
of neomycin in 10 ml sterile distilled water in the RF; 0.5 gm in LF; 0.5
gm ointment in LR and 0.25 gm ointment in RR, Milk was collected and
assayed at 7, 2L, 32, L8, 55, 72 and 80 hours. The peak concentration
was found at 7 hours and progressively decreased to 72 hours; when only
a small zone of inhibition was evident from foremilk. At 80 hours there
was a discernible ring of inhibition but it was not measurable, The 7
and 24 hour assays were made on complete milkings, the remainder only on
foremilk samples. The results are summarized in Chart 5A.

A second cow, Table V B, was infused into the udder with 0.25 gm
neomycin sulfate in 20 ml sterile distilled water in RF; 0.5 gm neomycin
sulfate in 20 ml sterile distilled water in LF and 0.5 gm neomycin in 20
ml aluminum monostearate in LR, Samples of foremilk were collected at
1, 2, 4, 8, 8:10, 12, 24, 28, 32, L8 and 72 hours. A high concentration
was evident 1 hour afterward. This was followed by a rapid decrease in
neomycin concentration in both quarters that received the aqueous solu-
tions, The quarter receiving the aluminum monostearate never did reach
levels as high as the quarters that received the aqueous infusion, The
length of time during which the drug was detectable was somewhat less in
this quarter (L8 hours), whereas, detectable amounts were seen in the
other two quarters at 72 hours. It is rather curious that a detectable
zone of inhibition appeared in the RR quarter at the 2 and L hour col-
lections, since this quarter received no neomycin, The last few ml of

milk at the 8 hour collection time had less antibiotic per ml than the






36

foremilk collected at the same time or the foremilk taken four hours
later.

The udder of a third cow, represented in Table V C, was infused with
the same amounts of neomycin sulfate dissolved in only half the volume of
vehicle used in the previous experiments, The data in the table show
that the first sample collected after treatment contained substantially
greater quantities of neomycin., This can be explained by the fact that
since dilutions were so high, more of the residual antibiotic in the teat
canal was removed in taking the first samples, Subsequent samples showed
nearly the same potency as those in the previous experiments., Levels
were nearly as high and lasting when either volume was infused,

Table V D shows results from a S, agalactiae infected cow infused
with 0,5 gm neomycin in 10 ml water., Retention was evident at 60 hours
but not at 72, This cow was in a herd milked by machines, while all other
animals were hand milked. The animal remained negative for S. agalactiae
following this treatmept.
| From the amount of neomycin per ml required to inhibit the growth of
S. agalactiae in the test tube and the results showing the concentration
of neomycin in the udder at various time intervals, it seems that should
a follow-up treatment be indicated the time to give it is after a L8 hour

period.,

Blood
A total of four cows received the antibiotic by intramuscular ine

jection and their blood was assayed for neomycin at 1, 2, 3, 4, 5, 6, 7,
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8, 9, 11 and 2L hours, Results are shown in Table VI, One animal (J25)
was a Jersey cow weighing 800 pounds. This subject received two gms of
neomycin sulfate in 10 ml of sterile distilled water injected into the
gluteal muscle, A detectable level persisted for 8 hours. Another animal
was a Holstein cow weighing 950 pounds, which was given 2 gms in 10 ml of
aluminum monostearate by the same method of injection., The levels did mot
reach as high and did not remain any longer than in the cow injected with
neomycin in an aqueous vehicle. Two additional animals (H75 and H80)
received only 1 gm of neomycin, the former in water and the latter in
aluminum monostearate. Lower levels of neomycin were attained in both
instances and did not persist in the blood, for as many hours, One animal
was killed one week later and no abnormal macroscopic findings were evident
in the carcass at the site of the injection,

From these limited studies, it would appear that if systemic blood
levels are desired for a prolonged period, the drug apparently must be
injected at eight hour intervals when used in aqueous solvents, Milk was
collected several times during these trials and did not show amounts of

neomycin sufficient for detection.
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CLINICAL RESULTS AND DISCUSSION

These studies on neomycin show that the drug was:t (1) effective in
in vitro studies against organisms causing mastitis, (2) innocuous to the
udder as judged by irritation trials in healthy cattle, (3) successful in
the treatment of experimentally infected animals, and (L) retained in the
udder for 72 hours, With this information at hand, it seemed logical to
extend these studies to cows in the field,

Throughout this work all preliminary diagnoses were based on direct
microscopic examination of aseptically collected, and incubated milk
samples, Retests were made at 7 to 10 days and 21 to 30 days. If an
animal or quarter was positive seven days after the last treatment, the
infected quarter of the udder was retreated at this time, If the quarter
of the udder was negative, it was retested 1L to 20 days later and if
still negative, considered cured. The word cured is used with qualifica=
tions. In chronic streptococcus infections, "cured" means that the cow
was no longer shedding streptococci of five elements or more, In most
instances the streptococcus infections treated were in the chronic stage.
Some of the cows were not economically practical subjects for treatment
as judged by a physical examination of the udder. However, in this study
these were also included.

Some cases were not treated with a sufficient dose in the early phase

of the treatment. Many chronic cases were cured by one or more treatments,

Also a few cases did not respond to three treatments with neomycin but did
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respond to other antibiotics, Conversely, some cases that were refractory
to other antibiotics, responded to neomycin therapy.

In instituting therapy the ideal time to administer treatment is
shortly after a complete milking, Cows were never treated unless a mini-
mal time period of three hours could elapse before the next milking.
Generally a 10 ml amount of sterile distilled water was used as a vehicle
to facilitate placement of .5 gm of neomycin in each quarter. In treating
chronic mastitis, all four quarters of the udder were infused, When a
quarter was retreated, two half-gram doses, 36 or L8 hours apart, were
given, Cows that did not respond to a series of three treatments were
treated with other antibiotics or removed from the milking line, either
for slaughter or to serve as nurse cows, Some quarters were dried up,

A summary of results of treatments for various infections is provided in
Table VIII,

A total of 261 cases of streptococcus mastitis were treated with
aqueous neomycin sulfate, Two hundred and eight eventually were cured
with neomycin, Of these, the first five were treated with only 0.25 gm
of neomycin and none responded, All were later subsequently treated with
0.5 gm and they responded. Twenty-nine were treated on successive days
with 0,25 gm, 24 of these treatments proved successful, Of the remaining
227 treated, all were given an initial treatment of 0.5 gm, One hundred
and seventy-seven of these were negative at the 7 - 10 day test period and
still negative at the 21 - 30 day test period, Of the remaining fifty,
eight were treated with 0.5 gm at 7 to 10 days., Retest results showed

cure in three cases, The five remaining cattle were retreated with 0,5 gm
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on two successive days. Two of these responded favorably and three did
not, These three were treated on successive days with 100,000 units of
penicillin, One responded favorably and two did not. These two were
treated with aureomycin and subsequently with tyrothrycin to no avail,
They were finally given up as incurable., One animal was lactating in
only two quarters; the others were lost, presumably, as the‘result of
earlier infections. There was a great deal of induration evident in all
quarters. The reason for this cow still being available was that she was
a foundation cow of a herd and had produced some outstanding progeny.

The second cow was just one of those cows which some farmers seem to keep
as her milk seldom showed any abnormality.

The twenty-six cows treated for staphylococci infections are diffi-
cult to discuss except from the standpoint of individual case history.
The generalizations that can be drawn are: All cows had shown an acute
syndrome along with the presence of the organisms and a high cell count
in the excretions from the udder, A half gram of neomycin was instilled
into an affected quarter as early as possible, Confirmation of the type
of infection was gained later. When the cows had an elevation of tempera=
ture, supportive treatment involving sulfamethazine orally or intra=-
venously was utilized, When the cow was off feed ruminatorics were ad-
ministered., When the cow remained dull and showed evidence of atony of
the rumen for a couple of days, rumen liquor transfers were effected,

In some instances penicillin was given intramuscularly., Of this group
only three cows died, It is not known how many lost the function of the

afflicted quarter but some did, There was also some impairment of udder
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function in some cows that were considered cured., This cannot easily be
measured,

The encouraging results in these cases of Stephylococci infections
may have been due in part to early medication, Also, since staphylococci
vary so greatly in pathogenicity, the possibility of a chance encounter
with a high percentage of strains of low pathogenicity should not be over=-
looked,

In the course of these investigations, eighteen cases of coliform
mastitis were encountered., Treatment consisted of infusion of 0.5 gm
quantities of neomycin into each quarter on succeeding days until external
evidence of acute inflammation had subsided. Animals were always febrile
so supportive treatment with sulfamethazine or penicillin was given
parenterally, When indicated, rumen stimulants were freely used, Cases
were always treated prior to specific diagnosis and confirmations was
made later from the samples collected at the time of treatment., The major-
ity of the cases were treated early in the course of the infection. This
may partially explain the excellent record of only one death in the entire
series of coliform infected animals. Several cows were sold for salvage
after recovery because they would be uneconomical producers. In many
cases the return to normal pre-infection milk production and udder con=-
sistency was slow.

Fourteen cases with Pseudomonas infection were encountered., With
one exception, these were in herds treated by the farmers with agents
obtained from sources other than veterinarians, Animals infected with

pseudomonas were given 0.5 gm of neomycin on two successive days. Milk
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was usually thick and stringy at the time of treatment, This condition
persisted for a considerable pericd of time following treatment, Eventu-
ally eight animals became useful producers again, and six were removed
from the herds as incurable cases.

Neomycin was the most effective in treating this infection, The
drugs used included penicillin, aureomycin, streptomycin, bacitracin,
tyrothrycin and sulfa preparations,

During the course of this study only four cases of yeast infections
were encountered. These were all in one herd of thirty Holsteins., The
herdsman had noted the irregular appearance of flakes in his strip cup.
Analysis of milk samples showed nothing significant except a possible con=
tamination with yeast cells, The owner had previously treated all animals
showing flakes in the milk, He had used penicillin but to no avail,
Subsequently, carefully collected milk samples disclosed two cows to be
shedding yeast cells, Treatment by infusion of 0.5 gm of neomycin cor-
rected the condition permanently in these two cows. Later a diagnosis
of yeast infection was made on two more cows in the same herd and thought
to be successfully cured with the same treatment. The owner had changed
from chlorine to quaternary ammonium compound for dairy sanitation prior
to his difficulties, After going back to chlorine, following the last
appearance of yeast cells in the milk, he has experienced no such diffi-
culties.

On initial call, there have been 22 instances in which clinical cases
of mastitis had been treated. OSubsequent laboratory findings failed to

show any known pathogenic organism, All such cases eventually recovered,
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Sixty-five cases of mastitis were treated with a preparation of
Teatube=-Neomycin which is neomycin in a water-miscible base, furnished
in a tube with attached canula.

The results of LO cases of streptococcic mastitis showed that twenty
responded to one treatment of 0,5 gm neomycin in 7.5 gms of vehicle,
Fourteen others, receiving a series of treatments of 0.5 gm L8 hours
apart, also recovered, Of the six that did not respond, three yielded
to penicillin therapy and three did not.

Eight cases of staephylococcus infection were also treated with
Teatube Neomycin, All animals survived and ceased to shed the organisms
in the milk. However, three of these failed to milk from the involved
quarter during that lactation period, It was not possible to observe
whether this condition persisted in subsequent lactation periods.

Six cases of coliform infection were encountered. All were treated
and survived, Udder secretions became negative for the organism, Four
returned to nearly normal milk production during the lactation period.
Two cows dried up in the affected quarter,

The eleven cows that turned out to have non-infectious mastitis
eventually recovered,

Because of the problems inherent in clinical results, one must follow
the case history of a few cows listed in the appendix in order to gain

full appreciation of the meaning of the results,
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TABLE VII

Summary of the LOS Quarters Treated with Neomycin Sulfate

-————

Type of Number of Number in Which
Infection Cows Treated Infection Overcome Died Remarks
Streptococci 261 208 0
Staphylococci 26 23 3
Coliform 18 17 1l
Pseudomonas 14 8 0 6 sold for
beef
Noninfectious 22 22 0
Yeast L N 0]
Total 3LS 282 L
Summary of Cows Treated with Teatube Neomycin
Streptococci Lo 3k
Staphylococci 8 8 3 lost function
of quarter
Coliform 6 6 1 lost function
of quarter
Noninfectious 11 11

Total 65 59
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SUMMARY

Neomycin in vitro at very low levels inhibited the growth of the
six common causative microorganisms associated with infectious bovine
mastitis,

The results of this study with neomycin indicate a minimum of local
irritation in the udder as judged by leucocyte counts, chloride content,
" resazurin class, pH and strip cup observation,

The agent was found to remain in the udder for 80 hours or longer
when an aqueous solution was infused,

Neomycin when injected intramuscularly was found to give demonstra=-
ble blood levels for at least 8 hours,

The results in treating LOS cases of mastitis indicate this drug to
be very effective against infections caused by streptococeci, staphylococci,
coliforms and a yeast, Neomycin was also of value in eight of fourteen

pseudomonas infections,
There appeared to be no difference in the effectiveness of neomycin

when employed in either an aqueous or water-miscible base,



BIBLIOGRAPHY



L9

BIBLIOGHAPHY

American Medical Assoc. 1950. Medical Research and Therapy Commission,
¥m, B, Tucker, Chairman Amer, Review Tuber., 61:436-490,

American Public Health Assoc. 1948. Standard Methods for the Examina-
tion of Dairy Products., 9th ed, A _P.H.,A, New York,

Biddle, E. S. 194L. A Comparative Study of the Blood Plate, Hotis Test
and Breed Smear as Used for the Laboratory Diagnosis of Bovine
Mastitis, No, Amer, Vet. 25:L76-L79.

Bond, G. C. and M, A, Nook. 19L8, Assay of Bacitracin in Body Fluids.
Science, 107: 228-229

Breed, R. S., E. G. D, Murray and A. P, Hitchens. 19L8. Bergey's Manual
of Determinitive Bacteriology. 6th ed, Williams and Vilkins,
Baltimore, Md,

Bryan, C. S. 1932, Examination of Milk for Streptococci of Mastitis,
Am, Jour, Public Health 22:7L6-750.

Bryan, C., S. 1933. A Study of the Brom-Thymol-Blue Reaction in Freshly
Drawn Milk. Am, Jour, Public Health 23:8L1-6L9.

Bryan, C. S., G. R, Moore and J. H, Campbell. 1940, The Examination of
Milk for Streptococci of Mastitis as an indicator of the Strepto-
coccus Infection of Bovine Mammary Tissue, Vet, Med. 35:167-170.

Bryan, C. S., H, H, Ruhland and R. E, Hoorwood. 1943. The Interpretation
of the Results of the Microscopic Test for Infectious Mastitis,
Mich, State Quart, Bul, 25:k4:31L4-318.

Bryan, C. S., W. L, Mallman, G, J. Turney. 19L7. Some Microscopic
Technics for Determining the Bacteriological Quality of Milk.
Mich, State Coll, Exp. Sta, Circ, Bul, 186, 1-20 pp.

Bryan, C. S. 19L4L8. Dairy Bacteriology and Public Health, Burgess
Publishing Co., Minneapolis, Minn. 1-3L pp.

Brown, Ross and Bryan, C, S, 1950, Six Months of Daily Mastitis Testing
of an Infected and Non-infected Cow. Mich, Agr. Exp. Sta, Wuart,
Bul. 32:3:322-327.

Clancy, C. F. 1951, The Sensitivity of Freshly Isolated Bacteria to
Neomycin, J, of Bact. 61:715-720.



50

Cone, J, F, 1940, The leucocyte count and the Cl content of milk from
bovine udders with mild Strep. infections, J. Milk Tech, 3:3L1-3L5.

Cone, J, F, and F, M, Grant, 1940, Improvements of the Hotis Test for
the Detection of Mastitis Streptococci, J. Milk Tech, 3:75-79.

Cooke, J, V, 19LS. A Simple Clinical Method for the Assay of Penicillin
in Body Fluids. J. of Am, Med. Ass'n, 127:LL5-LL9,

DeBeer, E, J. and M, B, Sherwod. 1945, The Paper-Disc Agar-Plate
Method for the Assay of Antibiotic Substances. J, of Bact,
50:459-L67.

Fay, A, C. 1938. Detection of Mastitis by the Brom-thymol-Blue Test,
Leucocyte Count, and the Microscopic Examination of Incubated
Samples of Milk, Cornell Vet, 28:L0-50,

Felsenfeld, O, and I. F, Volini and S, J, Ishihara. 1950, A Study of
the Effect of Neomycin and other Antibiotics on Bacteria, Viruses
and Protozoa., J., Fab, & Clinical Med. 35:428-53,

Felsenfeld, O., I. F. Volini and V. M. Young. 1950. Laboratory Tests
with New Antibiotics on Microorganisms Commonly Prevalent in the
Tropics. Am, J. of Trop. Med., 30:L499-502,

Foster, J. W. and H, B, Woodruff, 1945. Microbiological Aspects of
Penicillin and Methods of Assay, J, Bact., L6:187-202,

Hanson, F, R, and D, R, Collingsworth., 1950. An Agar Plate Method for
Assay of Neomycin in Blood, Personal communication,

Harme, D,, J., Bernstein and R, Donovich. 1950, Activity of Aminobenzol-
dehyde on Vaccina Virus in the Chick Embryo and in the Mouse,
Proc, Soc. Exper, Biol, & Med. 731275-278.,

Hirsch, A, 1950. The Assay of the Antibiotic Nisen, The J. of General
Microbiology. UL:70-83.

Hobby, G. L., T. F. Lenert and N, Dougherty. 19L9. The Evaluation of
Neomycin and other Antimicrobial Agents of Bacterial and Fungal
Origin, Sci. 523775-781.

Hotis, R. P, (US.D.A.) and W. T, Miller, 1936, Hotis Test for Mastitis
in Cows, N, Am, Vet, 17:11:33-3L.

Hucker, G, J. 19L2, Relation of the Number of Leucocytes in Milk to
Streptococcus Infections of the Bovine Udder, J, of Milk Tech,
51323-33.




51

Jackson, G, O, and M. Finland., 1951, Conparison of Methods for Determin-
ing Sensitivity of Bacteria to Antibiotics in Vitro, Arch, of Int,
Med, 088:LL6-L60,

Jackson, W, F, and C, S, Bryan. 1950, Penicillin Milk Levels in Cows
following Intramammary Administration, Vet, Med, L5:395-400,

Johns, C, K, and E, G, Hastings. 1938. Concerning the use of Indirect
Biochemical Tests for Diagnosis of Chronic Contagious Mastitis.
Canad, J. of Res, 16:16-1l.

Kesler, E. M., J. J. Reid and C. B, Knodl, 1950. Selection of Sample
in Determination of the Streptococcal Flora of the Udder,
J. Dai, Sei., 33:676-679.

Kirby, w. M, M, and L, A, Rantz. 19LL, Methods of Measuring Penicillin
Concentrations in Body Fluids. J. of Bact. LE:603-608.

Kleckner, A, L., 19l1. Efficiency of the microscopic examination of
incubated milk samples for the detection of mastitis., strep.
A, J, Vet, Res. 1II:313-317.

Kleckner, A, L. 1942a, Microscopic examination of incubated milk samples.
Pa, Vet, Ext, Quarterly 92 No, 85,

Kleckner, A, L, 1942b, Microscopic examination of incubated composite
milk samples. Pa. Vet. Ext., Quarterly.

Klein, Louis A, and R, Learmouth, 1935, Significance of Strep. high
leucocyte count, H ion conc., and C1 content of Cow!s milk,
J, A, V, M, A, 39:600-619,

Klein, Kleckner and Scheidy. 1938. Comparison of the results of certain
milk tests with the condition found on physical examination of the
cow, U. of Pa, Vet, Ext. Quarterly 29(72):1-20.

Little, R. B, and W, N, Plastridge. 19L6. Bovine Mastitis - A Symposium,
McGraw-Hill Book Company, N.Y.C. 5L6 pp.

Loo, V. H., P. S. Skell and H, H., Thornberry. 19L5. Assay of Strepto-
mycin by the paper-disc Plate Method. J. of Bact. 50:701-709.

Malcolm, J. F,, C, W, King and M, M, Campbell, 1942, The value of the
cell content and electrical conductivity of milk as criteria of
bovine mastitis, Soc, Agr, Bact, Proc, (abs) 13130,

McBride, C. A, and N, S. Golding. 1951. A Study of Resazurin Keduction
in Freshly Drawn Mastitis-Like Milk., J. Milk and Food Tech,
14227-30.







52

McClement, J., and J, G, Davis, 1939, Mastitis in relation to meth,
Blue reduction test, J. Dairy Res. 10:188-9L,

Merilan, C, P., H, A, Herman, J, E, Edmondson, K, L. Tallman and 0. S.
Crisler, The Reliability of Various Diagnostic Tests and the
Efficiency of Certain Terapeutic Measures in Control of Mastitis,
1950. Res. Bul. LSL U. of Mo, Agr. Exp, Sta., Columbia, Mo.

Munch-Petersen, E. 1938. Bovine Mastitis - Survey of Literature to
1935, Chas, Burrell, Surrey, Eng. 272 pp.

Murphy, J. M. 1939. The value of the Hotis Test in detecting mastitis
streptococci in milk, Cornell Vet, 29:279-267,

Murphy, J. M. and J. J. Hanson, 1943a., Infection of the bovine udder
with coliform bacteria. Cornell Vet, 33:61-78.

Murphy, J, M. 1943b. The use of strict foremilk in the study of diag-
nosis of chronic bovine mastitis., Cornell Vet., 33:L8-52.

Murphy, J. M. 19L3c. The general effect of staphyloccal infection on
the Biochemical composition of strict fore milk, Cornell Vet,

33:52-56,

Murphy, J. M. and J. J, Hanson. 19L41. A modified Whiteside test for the
detection of chronic bovine mastitis. Cornell Vet, 31:47-56.

Palmer, C, C, 1940, Correlation of the Brom-thymol-Blue test with the
bacteriological findings in the diagnosis of mastitis, JLAVM.A,
96:L47-51.

Path, E, J., S. M, Fromm and R, I, Wise, 1950, Neomycin, A New In-
testinal Antiseptic. Surg. Res, Lab, U, of Texas Med, Br,,
Galveston, Texas, Mimeograph,

Pattison, I. H., J. I, Taylor and H, H, Holman, 1950. Studies on
experimental streptococcal mastitis. J. Comp, Path and Therap.
€0 71-91.,

Prier, J. E, 1951, The In vitro Effect of Several Antibiotics Against
Vibrio Fetus., Vet, Med. L6:358=359.

Price, C, W,, J. K. Neilsen and H, Welch, 19L6, The Estimation of
Streptomycin in Body Fluids, Sci, J. 103:No. 2663:56~57.

Plastridge, W. N. 1935. A Comparison of Methods of detecting strepto=
cocci in freshly drawn milk samples. J. Dairy Sci. 18:583-593.







53

Randall, W, A,, C, W, Price and H, Welch. 1945, The estimnation of
penicillin in body fluids., Sci. 101:365-366.

Roach, R, W, 194k, The reliability of indirect field tests for the diag-
nosis of chronic contagious mastitis, Vet, Record, 56:433-L36.

Rosenblatt, P, E., A, Werber, and F, Kashdan and L, Loeuve. 19LL, A
Method for the Determination of Penicillin levels in Body Fluids,
J. of Bact, L8:599-601,

howland, S, J. and M, Zein-el-dine, 1939. The value of indirect methods
for mastitis detection. J. Dairy Res, 10:108-113,

Schalm, O, W, 19LL. Merits and Deficiencies of Mastitis Diagnostic
Methods, J. A, V, M, A, 105:398-405,

Schmidt, W, H, and A, J, Moyer. 19LL. Penicillin - Method of Assay.
J. of Bact. L7:199-208,

Slanetz, L, ¥, and J. Naghski. 1939. Methods for the diagnosis and con-
trol of bovine mastitis, N, H, Tech, Bul, 72.

Stuart, P, 1951, An Outbreak of Bovine Mastitis from which yeasts were
isolated.

Turner, C, ¥, 19L8. Machine Milking Efficiency as Influenced by the
Normal Formation of the Cow's Udder. Babson Bros, Co., Chicago.
1-22 pp.

Volini, I. F., E, R. Kadison and O, Felsenfeld. 1951, New Antibiotics
in the treatment of Tuberculosis, Digest of the Chest., 20:19-23
July.

waishren, B, A,, and W, W. Spink. 1950, Comparative Action of Aureomycin,
Chloromycetin, Neomycin Q-19 Polymyxin B against Gram Negative
Bacillus. Proc. Soc. Exper. Biol. and Med. 7L:35-L0.

kaishern, B, A, 1951, Bacteremia Due to Gram Negative Bacilli Other than
the Salmonella, Arch, Int, Med. 88:L467-L88,

warth, P, T., C., A, Chandler and E, A, Bliss. 1950, The Antibacterial
Action of Neomycin and Furadroxyl in Vitro and in Vivo, Bul. of
John Hopkins Hosp, §6:167-178,

katts, P. S. and D, H., McLeod. 19L6. The Estimation of Penicillin in
Blood Serum and Milk of Bovine after Intramuscular injection.
J. of Comp, Path, and Therap, 56:170-179,




5L

welch, H., R. P. Herwidk and A, C, Hunter. 1945. Properties and
Standardization of Penicillin, J. of Am, Pharm, Assoc, 6:93-96.

kelch, H,, R, J, Reedy and S, W, Wolfson. 1950. A Comparison of the
Effect of Nine antibiotics on Experimental Typhoid Infections in
Mice, J. Lab, & Clin, Med, 35:663-666,

Waksman, S, and H, C, Reilly, 194Li., Bacterial Action of Antibiotic
Substances, J, of Inf, Diseases, 75:150-159,

Waksman, S. and H, A, Lechevalier, 1949a. Neomycin, A New Antibiotic
Active Against Streptomycin-Resistant Bacteria, Sci, 109:305-307.

Waksman, S, A., J, Frankel and O, Graessle, 1949b. The In Vitro
Activity of Neomycin., J. of Bact. 58:229-237.

Waksman, S. A,, H, A, Lechevelair, 1949c. Neomycin, A New Antibiotic
Active Against Streptomycin-Resistant Bacteria, Sci, 109:305-307.

Waksman, S, A., E. Katz and H. Lechevalier, 1950, Antimicrobial
Properties of Neomycin, J, of Lab, & Clin. Med, 36:93-99,




APPENDIX



56

usTuedao Sutppsys qo0u TRWTUR °JoN
wsTue3I0 3UTppays TEWTUE SnTd 3

e2ed qxau peonuUTIUOC)

J19qJenb

yoes (f 3 38 wd Gz° aAe3

0f ¢ 38 3uTjea sBM MO) AT
=qduoad pajeady} ‘W'Y Of3g 2®
PadaAa00sSTp = I ‘yy ‘yT uwd

05=11=17 3583 ATHauou
9Xau 4B °*Fau SeM §°*T0T
*dwuaj *oTw %» pooTq
‘9899 U0 *Sau qnq
fsasjaenb T2 TBWJIOUQE

Suties qou ‘Q°fOT
*dwaj], 485ae3 ‘usTroMS g1

£1ss0d3 HTTW = 05=5T=€ G2°* g7 upofwosu w3 §° eAB)  JajgeMb JT = OG-HT-€  WIOFTTOD 05€=D  05-NT-€
Butyes ‘g°ToT "duey WV 003N
TeUIOU JUTUINY LI ‘v 0f£:g woay du sumdo
JajJgend € TeukIcu YTTW ‘K'Y 0€3g 18 QM 91BITNS  9°€OT "dwa] ‘uayoms g
0G=27T=¢ oTdues °*3eN utofuoau uwd G°* sae3 ‘Jutasiem ‘Isjaend gy WIOJTTOD 0S€=0 0G=TT-€
05=1=1 0G=6~€ utoluwosu w3 Gz° quaujeagy snotasad
pue 05=,T-f *3aN 05-3=€ utofwosu wid g2° woay snTd TTT3S *qdexys  €L-0  05-L-€
05=1=-1 0G=6=€ utoluosu w3 Gg° quaupeagy snotasad
pus 05-LT-€ ‘oY 05-g=-€ uTofwosu wd Gg° woay snld TTTIS *qdeays  TEE€=D  0G=L-f
0S=1=1 %€ 05=6=2 w3 <z°* qusuleady snofasad
pue OG-L1-€ °*SaN + 0g~g=g W3 Gg* woxy suld TTT3S *qdaxys  20£=0  0S=l-€
JaqJenb yoea
0G=L=€ uo sn1d ejeJIns utofwosu wd Gz° ¥osyo ATujuoy *qdaasg €L-0  05=2-€
Jaqaenb yoes
05=.=€ uo sntd 878 Jns utofuosu w3 Gg* Moayo ATujuoy *qdoazg  T€€-9 05=2=€
JajJaenb yoea
J91BM DSTTTFISTP 8TTL83s TUW pasy 838109
0S=)=€ uo snydx 0T 9#3eJIns upofuosu wd ¢2° uo Yoayo ATYjuol *qdaarg  20€=0 05=2=¢
s1Insay » sqJIeway quaw}ead] AJ01STH STSOUsBY(J MO0D ajeQq

—————— e ————————

23BJTNS UTOAWOSN U}TM PoIBaJ] S9SB) STITISB| TENDPTATPUT Pe3dsTas



57

a3ed qxsu panuTIU0)

uotTyonpoad atey
03 pauanisd MOd Q5=9=9

ATTRI0 05-6=5 oS I8
0S52T 9ABH °J8ppn UOTSNJUT
05-0T=5 €05=6=G U0 8J18%JEND

‘05=6T=5 uo *3ay TTe upodwosu wd Gz* aaep  §°NOT *dus] ‘932ep ‘uders RSE=0  05=6=§
05=9=9 PUB 05=352=9 quauwgeady snofasad
£05=GT-5 uo *3aN 05=6=5 w3 G* aAep 19178 sutd TTTS *qdaayg  OZ=¥8  05=6-§
05=€=G w3 Gz° aAeq
05=3=§ uo snid 0G=2=G w3 G2°* QAED Hosyo ATU3uoW *qdears  02-dd G=T-5
. ‘ 05=9-9
05=92=9 ‘05=6T=9 0G=GT=G W8 Gz2° 8Ae)y quaureaJgy snotasad
£05-9T-5 uo 3oy 05=NT=5 W8 G2° 84D faatqTsod TTTaS *4daxig  €9T-0  05=NT-S
05=5=G W3 Gg* @aep
05=€T=5 uo snTd 05-11=G w3 S2* aaep Aoeyo ATYIuoR *qdeagg  49T=0  05=€-§
05=9T-S uTtofwosu
uoTyonpoad pood 01, wd ¢° yy saed ‘Q5=)T=G LT
pPauIN}aI MOD = Qf=(=G  =TBJO (G=)T~-1 2euns I3 Q00T pIEY
f0G=12-1 “05=6T=1 aae3 ‘i wd G* oned ‘qy ‘g1 ‘usTToMs Ja9qaenb yy
‘05-gT=m *Zau sep ‘y1 utofwosu w3 Gz* aaen ‘pasy yyo ‘MGor *duwayg *ydeag Gl=0 05=LT~T
05=TT~N
osTe 05-12=£ uo °3JaN Jaqaenb yoes utolwosu uld G° ®oayos ATuzuol *qdaazgs  L€=v4  0G-LT-€
05=8T-€
05=L2~¢ uo sntd 05=LT~€ w3 Gg°* 8aep suod sayeTd YI *1daxzg 52 05=LT=¢
UToAWOsuU
05=9T=€ uo sutd 0G=2T=€ uUo uwd G* saen dno dtags uo saeTd YT *adeaarg  9Q2 05=TT=€
s1TnsSay B SHJIEWaY QUaWIesd ], A101sTH MO) a%eq

STSoudeIq




58

a3ed qxsu panutizuo)

*3au *3au *3au *3au

105=€T=. siIBWaY
*3au snyd *3su *3au Japun
105=-06=9 sJd99aeNb TTR ‘uTofuocsu ud §° quswlead) panutfauoc)  *aAsxd as8g LSlS  05=02=9
UOTREJNPUT PaXyJeu OdTUOJIY) sutd
saaqgenb  yy ‘sntd ¥y ‘sntd 41
sn1d snyd sutd *3au TTe 05-2T-9 utohuwosu wd §¢* ‘snyd gy = Lsams pasy *qadaagg 1085 05=6~9
UOTABJINPUT payJeuw OTUOIY) saTd
§J33Jenb g “sutd ¥1 ‘0 41
*3su sntd (o snyd e 05=2T-9 uTtofuwosu wld ¢* “snyd gy - LoAms pasy *ndaasg 1995 05=6=9
sutd
sJa2Jenb q ‘sutd y1 ‘8su g7
*3au sutd sntd snid TT® 05=2T=9 ufolwosu uZ ¢* ‘snyd gy = LoAans pIsy *qdaaag 2999 05=6=9
sutd
saoqgenb  yy ‘sntd y71 ‘sntd 41
*3au snTd sn1d snyd TT® 05=21-9 utrofwosu wd ¢* ‘snid jqif = Aeaams pasy *qdsaag £€99 05=6=9
*3su
sJsqJIenb wy ‘Beu y1 ‘Seu g7
*3au snyd °*3au *Iau TT® 05=2T~9 utofwosu w3 ¢* ‘snyd qy - Lsaams pasy *qdaaag 1065 05=6=9
*3su *3su *3au *3Jau . *3au
T OyI JI1 g sJa3Jenb wy ‘8su y7 ‘Ssu g1
05=8T-9 IR 06=2T1~9 utpofwosu ud ¢* ‘sntd gy Aeaans pasy *qdaaqg el 05=6=9
*3su suTd
i ‘sngd y71 “sntd saajrenb iy ‘sntd y7 ‘sntd 41
IT ‘8au gy 05-6T-9 T® 06=2T1~9 utpofuwosu uwd §° °*3Sau gy - LsAans pJIay *qdeayg LSS 05=6=9
s3Tnssy ¥ sHIBWSY JUBWIESI ], A1048TH STSOUZRT(Q MO) a3eQg







59

2ded Xau psnUTIUO)

*qdaasg
05=21=6 puB SBUOW
pue 05-32=L °*3JaN utofwosu uwd G* soXe Ty WY -opnasd  6SNM=0  05=T2-9
06=21-6 yoayo ATyzuou seuou
pue Q4=g2=, °*3aN utofuosu ud g° J31.ae0b gy “q83aen -opnasd  225=0 0G6=T2=9
utpofwoau wd °T sasjgenb snyd T peresad] 305=E~)
sn1d snid sugd *3su
05-€T-L sy Tewey
sntd sntd snyd *3su Japum
05=02=9 sJaqaenb TTe ‘utofwosu wd q* JUSW3E8Jd]} PANUTIU0)  *AdJd 898G T0RS 05=02=9
*3au *3au (o snyd
05-€1-1 siJBWay
*3au *3su (@ sntd Japun
05-0€=9  sas8jgeTNb T8 ‘uTofmosu ud ¢° JUBURESI] PINUTIUC)  *Addd 985  TR9S  05-02=9
*3su snyd °*3su snyd
05=€T~L sHJIeusy
*3su snyd °*3au sntd Jepun
05=0€=9  sJajaenb TTe ‘utofwosu uld §° quaw}ealy penuTiuo)y *Aaaxd aag 2098  05=02=9
*3su *3au *3Jau *3Jau
05=€T-L sy Ieway
*3su *3au *3su sntd Japum
06=0€~9  saoqaenb TTe ‘utofuosu ws §* qusuryeady psnutiuoy  *aaad asg £€99  05=02-9
*3su *3su *3su *8su
05=€T-L
*3su *3au *3Jsu *3au sYJIBWaY
w vl 41 & Japun
05=0€=9  sJsjaenb TTe ‘uroduosu ud G° quawieady penuTquo) *aaad seg 1065  05=02-9
S1INS3Y % SHJIEWSY JUBWRBAL], Ax0qsTH sTsouseTq MO) aqeQq




60

s3ed q9xXsu psnuTIUO)

aAaT3Tsod sasjaenb Jo Jsqumy

05=2T1-0T
05-G2=6 *3aN 05=5T=6 utofuwosu ud &* qosuo ATyauoy =(2) 1dedrs  20€=0  05-€T1-6
05=2T-0T
03=52=6 *3aN 05=5T=6 uTofuoau g* qoayd ATyuoy =(T) 3de1as  M2T=0  05-€1-6
05=2T-0T __ 05=5T-6
05-62-6 ~2°N 05=€T=6 utofuosu wd g° Aoayo ATUIUOW #(T) 3dears  G62=0 05-E£T1-6
05=¢T=0T . 05=4T~6
05=52-6 "3°N 05=€ T=6 uTdLuosu g* yoauo ATq3uoW =(T) 1dsars  TGNM=-0  05=€1-6
05-€1~6
puB 05=T=g ‘38N sJsqJenb TTe utroAuwosu q* yooyo ATwauol qdeasg snyd  TEE-p  05-42-L
05=£T=6 dno diaqs uo soyNEeTJd
pue o5=T-3 ‘JaN sJsqaenb TTe upofwosu g - %0ayd ATYuoy pox sntd €l=0 04=S2-L
05-£1-6
pue Q5-T=9 °3eN sJsqJeNb TTR uTofwosu g°® qoouo Aruyruol 1dsays sntd  £97=0  05=G2=L
05=11T-6 es0y
pue Q5=-T=Q °3JaN sJoqgenb TTe ufpofuosu g* yoayo LTuquop 1daays snd pey  QS-h2-.
05=N1=6 xo7
pue Q5=T=g °3aN sJsoqaenb T8 uloAuwosu g* goayo ATyuop 9dsays snyd  Lpron  0S5-f2-L
ST}T3SEUW
paaeaddesTp SaqETJI utoAfwosu q* dno diags uo saxeTd 4SdJUI-UCU  O£2=0 05-T2~9
STATisew
paaeaddesIp sexeT] utofuwosu wd G° dno dtags uo seeTJ 7SaJUT=UOU 9N=0  05=T2=9
81 InS8Y R SAJTWSY QUIWREB L] AzoarsTy STSOUZBIQ 0] a%e(Qq




61

a3ed qxau pepnTouo)

sAT1Tsod sasqaenb Jo asqumpy i

05-6T-0T
05=22-6 °38N 05=9T=6 uTtoAuosu g* ¥osud ATyzuol 3dsazs snid I9ATTO  05-NT-6
05-6T-0T
05=22=6 °*3aN 05=GT=6 uToLwosu g qosud ATuypuop 3dsays snd uesnpy  0S=NI=6
05-9T=6
05=6T=0T *3JaN 04=6T=6 utoAuosu g° jyosyo ATujuop 9dsagg snyd Auusd  05=NT-6
05=6T-0T 05=9T-6
05=22-6 "2°N 05-6T=6 utolwosu w3 §° Aosyo ATujuop 3dsagg snd uesng  O5-MT-6
05=6T-01 05=9T=6 1
05=22=6 "3aN 05=5T=6 uToLuosu g* ¥ooud ATyjuol 3dedis suld Ted  05=-MT=6
05=6T=0T @1033q 05-9T-6 i
pTos = 05=22-6 05=GT-6 uToLuosu g Hoeyo Aripuon 3deass sntd £33eds  05-11-6
05-6T-0T 05=91-6 W ‘91
pue 05=22=6 *3aN 05=GT=6 utoAuosu g* ¥osyd Arqauol 3dsaig sntd ws)  0G=NT-6
05=L2=6 quawqeaay *Aead woay
05=2T-0T 28N 05=92=6 utofwoau G* Jejaenb suo snTd TTTIS #(T) 3dedas  69T-0  0S=HT-6
05=2T-0T ‘38N 05=5T=6
pue Q5-Gg-6 snid 05-€ T-6 uToLwoau N ¥osyo ATqjuol #(2) 3dea3s  69T=0 05=€T1-6
09=27-0T 05-GT=6 utofuwoau q° 1oaud ATyjuol #(T) 2dea3s  [9€-D 05=-€T-6
05=52-6 °3aN 06-GT-6 utofuwosu g jyosyo ATyjuoy =(T) 3deais  GE€E=0  05=E€T=6
s1INS8Yy » SHIBWIY JUaUW}BaI], A109STH STsoudeIq MO 918(Q




62

*3au 05-6-TT

05-02=TT

0ST® QG=g=TT IBle
pooTq Pue °*OTW 393d
-TP 01 SAT3EISU SBM
Moy (493BT °*say Q)
0E 3 98 Q° 20T dusg,

05=T=TT utofuosu ud g°

05=TE=-TT utodwosu

w3 G°* peqeadsy ‘"ATTeRJIO 38U
-Tns sutedd 52T ‘aeppn ojuy
UOTSNJUT J81BM POTTT2STP
8TTJI99s TW QT uTofwosu w3 g°

qoayo ATUzuol

fumaas
MoTToL NTTW ‘usTToMS
Jaj3aenb yy 9°9oT dwsj

1daasg

1deasg

e9-vd

805=90

05=TE-0T

059-0£-0T

SHTNS8Y ¥ SyIeway

qUBW}BAL],

AJ0ySTH

sTsouse1q

MOD

938







FET 53

’(‘—y{ '6]’1.'7







MICHIGAN STATE UNIV. LIBRARIES

L]

816710

MARAIAIE
31293103

31



