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Chapter 1
INTRODUCTION

Experimental work done prior to 1961 failed to establish the
immunological function of the thymus, Thymectomies performed on a
varlety of adult animals resulted in little or no significant effect
on antibody production, However, thymectomles performed on neonatal
mice (47) and rabbits (1) resulted in a marked depletion of circulating
lymphocytes., Further experiments showed that this procedure resulted
in decreased antibody to some antigens, and fallure to reject skin
grafts. Currently the thymus is believed to be the organ in which
immunocompetent thymic lymphocytes are produced or are induced to
differentiate. These thymic lymphocytes migrate to peripheral lymphoid
tissue where they function as effector cells of cell-mediated immunity
and helper cells in the antibody response to some antigens., With the
isolation and purification of thymic extracts, some workers (29, 81)
attributed an endocrine function to the thymus,

The thymus is the first lymphoid organ to develop (31). Within
the thymus one of the two classes of lymphocytes that are known today
develops into mature immunocompetent cells, These thymic lymphocytes
migrate to the interfollicular and deep cortical areas of lymph nodes
and the perlarteriolar areas of the white pulp in the spleen. The
thymic lymphocytes (T-cells) can be differentiated from the thymic
independent lymphocytes (B-cells) on the basis of surface antigens,
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immune functions, and activity assoclated with mitogenic substances.
A comparison between T-cells and B-cells is provided in table 1. At
about the onset of puberty, the thymus begins to involute (7) and
becomes smaller that it was at birth (31).

On the basis of structure and function, Clark (13) has divided the
thymus into four distinct regions: (1) the outermost subcapsular
cortex where large lymphocytes proliferate to produce new T-cells,

(2) the inner-cortex into which newly produced T-cells migrate, (3) the
medullar proper contalned within the thymic parachyma where mature
T-cells collect, and (4) the perivascular connective tissue space,

The composition of the framework is anastomosing trabeculae of eplthe-
11al cells accompanied by a well defined basement membrane (30).
Histologically, the cellular contents of the thymus include epithelial
and mesenchymal reticular cells, small, medium and large lymphocytes,
macrophages, medullary inclusion cells and fibroblasts (70, 71). Some
epithelial stroma cells in the medulla develop into Hassall's
corpuscles which are characteristic of the thymus.

In mammals the thymus develops embryologically from the third
and fourth pharyngeal pouches, The epithelial buds of ectoderm and
endoderm grow out, pinch off and migrate to the midline of the upper
thorax (50). After the epithelial structures have developed, the
thymus is infiltrated with precursor lymphocytes or stem cells, The
derivation of these precursor lymphocytes is still controversial. Some
believe that these lymphocytes are of mesenchymal origin and invade the
gland secondarily from the embryonic yolk sac or liver of the fetus and

the adult bone marrow after the entrance of blood vessels and connective



Table 1 Comparison of B and T lymphocytes (21)

Properties B-cells T-cells

Differentiation Bursa of Fabricius Thymus
(in birds) or as
yet unknown in

mammals
Ag-binding receptors Abundant Igs Nature of specific
on cell surface receptors 1is uncer-
tain
Cell surface
antigens
2] - +
™™ - +
Ly - +
PC + -
H-2 transplantation + +
Approximate frequency (%)
Blood 15 85
Lymph (thoracic duct) 10 90
Lymph node 15 85
Spleen 35 65
Bone marrow Abundant Few
Thymus Rare Abundant
Functions
Secretion of anti- yes no
body molecules
Helper function no yes
Effector cell of cell-~
medlated immunity no yes
Distridbution in lymph Clustered in follicles In interfollicular
nodes and spleen around germinal areas
centers
Mitogenic substances
PHA no yes
Con A no yes
PWM yes no

LPS yes no
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tissue into the thymus (50). The second viewpoint is that the precur-
sor thymic lymphocytes are derived by direct transformation of epithe-
lium cells within the thymic rudiment and are of ectoderm-endodermal
origin (74).

The precursor stem cells migrate into the subcapsular cortex of
the thymus and become lymphoblasts., As these lymphoblasts move from
the subcapsular cortex, through the inner-cortex, toward the thymus
medulla, they decrease in size, From the cortical area small lmmuno~
competent thymic lymphocytes enter the circulation of the blood and
thoracic lymph duct migrating to the spleen and lymph nodes.

The maturation of T-cells involves specific changes in mitotic
activity and cell surface antigens (52, 61, 80), The large and medlium
lymphoblasts, which compose about 10% of the thymus lymphocyte popula-
tion, can be separated from small, nondividing lymphocytes by density
gradlent centrifugation, Using this technique, it has been shown that
thymic lymphocyte lmmune functions are not developed until the small or
medium lymphocytes are formed (86) and that the thymic lymphocyte
found in the lymph nodes and spleen is similar to the small and medium
lymphocyte of the thymus (15, 16). During these experiments many small
lymphocytes were noted within the thymus, Some of these small lymphocytes
vwere not immunocompetent and did not have the same surface antigens as
the peripheral thymic lymphocytes. These cells were considered elther
to be dead-end lymphocytes or a separate subpopulation of thymic
lymphocytes.,

On the basis of surface antlgens, the lymphocytes of the thymus

can be divided into two groups. The largest group, about 85% in the
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mouse strain studied, has the TL antigen, high levels of theta antigen
and low levels of H-2, The antigenic properties of the smaller
population are similar to those of peripheral thymic lymphocytes. These
are the absence of TL antigen, low levels of theta and high levels of
H-2 antigens (68), suggesting the presence of small lymphocyte subpop-
ulations with different actlvities, Further evidence for this is that
the thymic lymphocytes involved in the graft-vs-host reaction and
tumor graft rejection are morphologically different (46),

With the more complete understanding of developmental processes
of a competent immune system, some of the immunological deficiency
diseases can be explained. The failure of the third and fourth
pharyngeal pouches to undergo differentiation necessary to form the
thymus is an example of the classic condition known as DiGeorge's
syndrome (24, 43)., The T-cell population is virtually absent while
the B-cell line development is not impaired and functions normally,
except where helper T-cell activities are required (18)., Transplanta-
tion of fetal thymus tlissue into patients with this syndrome has
produced a correction of T-cell and cell-mediated immunity (3, &4, 14),
In addition to the thymic aplasia seen in DiGeorge's syndrome, some
infants with thymic dysplasla have l1solated T-cell deficiencies. The
thymus 1s small and conslsts almost entirely of epithelial cells with
no Hassall's corpuscles (18).

A similar athymic condition has been described in "nude® mice (54).
A rudimentary nonfunctional thymus which will not support thymic lympho-
cytes has been found in these mice and, therefore, these mice have

a depressed population of thymic lymphocytes (22, 84), Although there
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is a population of theta-bearing lymphocytes, these mice have been
generally used to study immunologlical processes in which the T-cell
does not partake (62, 63). These mice are highly susceptible to
infections, have a retarded or runted growth and exhibit a wasting
syndrome if kept in a conventional enviromnment (65). Seome endocrine
functions of the nude mice have been found to be abnormal suggesting
an interrelationship between the thymus and other endocrine glands (7).
An artifically induced situation similar to nude mice is seen when
neonatal animals are thymectomlzed, When thymectomles are performed
during the neonatal stage mice develop a wasting syndrome with an
arrest of development and eventual degeneration of thymic dependent
lymphold tlssue and depression of cell-mediated immunity (48),
Thymectomies in adult animals result in a gradual loss of circulating
immunocompetent lymphocytes without the rapid development of a wasting
syndrome (48), This would suggest that the thymus is a very important
organ in the development and maintenance of a competent immune system.

In addition to the syndromes mentioned above, several viral infec-
tions of fetal and neonatal animals have deleterious effects upon the
thymus and, in turn, the immune system, When reovirus type 3 is used
to inject neonatal mice, a very severe disease develops and only 1% of
mice survive the acute stage of the infection (85)., Those mice that
survive the acute stages show the wasting syndrome (73) and frequently
manifest lymphomas (38, 56). The involuted thymus noted at necropsy
could have been a direct result of the infection or an indirect result
of stress, A depression of cell-mediated immunity has been found

in children infected with measles virus as a result of a loss of
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cellularity of the thymic cortex (82). An agent, possibly a herpes-
virus, that produces an acute massive necrosis of the medulla and
cortex of the thymus has been isolated from mice (55, 64).

Although the immunobiologlcal effects of the thymus seem quite
clear, the relation of this gland to the endocrine glands is still
unclear (29, 81). In studying the anterior hypophysis of thymectomized
mice, Pierpaoli and Sorkin (8, 58) found degranulation and hypertrophy
of the acidophllic cells of this endocrine gland. In mice the involu-
tion and atrophy of the thymus occurred when growth hormone production
was curtailed (59). This effect has also been demonstrated in rats (17).
Sexual maturation and onset of puberty of female mice can be delayed
when mice are thymectomized (7). Pierpaoli and Besedosky (57) found
that newborn athymic "nude" mice acquired the capacity to reject skin
grafts following passive transfer of immunocompetent lymphocytes.
However, this therapy did not result in alleviating the retarded growth,
changes in blood levels of thyroxine or delayed onset of puberty
ordinarily noted in "nude" female mice. These investigators (57)
hypothesize that the effects of the thymus on the thyroid, adrenal
and ovaries may be a result of thymus involvement in some functions
of the brain and in the programming of certain endocrine functions
exerted during fetal and perinatal life,

Several different extracts of the thymus have been prepared.

Table 2 lists some of the extracts, molecular weight, biochemical make-
up and the principle biological effect attributed to each extract,

The protein thymic extract, thymosin, isolated by Goldstein and

White (27, 28) has been studied more thoroughly than the other extracts.
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Administration of this extract has resulted in reconstitution of the
impaired immunological response in X-irradiated mice (26), neonatal
thymectomized mice (42), and in New Zealand mice which have immunol-
ogical abnormalities (25). Thymosin reconstitutes the capacity of
spleen cells from congenitally thymusless “nude” mice to evoke an
in vitro graft-vs-host response (44)., Thymosin reduces the wasting
syndrome in neonatal thymectomlized mice (2) and causes an acceleration
of allograft rejection (32) as well as resistance to murine sarcoma

virus induced tumors (88) and Dunnings leukemia in mice (39).

Table 2 Thymic extracts

Molecular Biochenical Biological
Extract weight nature attributes
Thymosin (27) 12,000 protein reconstitutes
cellular
immunity
Thymoprotein 7000 polypeptide T-cell differ-
I & IT (30) entiation
Lymphocyte protein WBC differen-
stimulating tiation &
hormone (45) antibody
LSHy, 15,000 production
LSH, 80,000
Thymosterin (60) steroid Antiprolifera-

tive activity
& increases
antibody
production

Recently thymosin has been used in a child with a deficient cell-
mediated immune system (78). The patient had thymic hypoplasia and

abnormal immunoglobulin syﬁthesis with a depressed percentage of T-cell
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rosettes, Although the patlent had sepsis caused by Candida albicans

during infancy, she was unable to elicit delayed hypersensitivity

skin tests to mumps virus, C, albicans or purified protein derivative
to tuberculin, Thymosin therapy was instituted after it was shown
that in vitro incubation of her lymphocytes with thymosin inereased the
percentage of T-cell rosettes. During the course of treatment, which
involved 23 intramuscular injections of 1 mg per kilogram per day of
thymosin, the percentage of T-cell rosettes gradually increased to
normal, and positive delayed hypersensitivity skin test developed. A
recent report of the patient's course showed that there was an inereased
number of total lymphocytes and percentage of spontaneous T-cell
rosette formatlon. Positive delayed hypersensitivity responses have
been maintained for one and one-half years, and there was an increased
immunoglobulin G and M levels, However, the patient's in vitro
lymphocyte response to phytohemagglutinin (PHA) and mixed lymphocyte
culture remained markedly depressed (77).

The in vitro effects of thymosin studied so far have been the
ability of the preparation to stimulate the unmasking of T-cell
markers on precursor cells (40, 41) and to confer on precursor cells
the sensitivity to azothlioprine, anti-lymphocyte serum and anti-theta
serum (5). The mechanism of action for unmasking of T-cell markers
by thymosin has not been completely elucidated, but it 1s helieved to
be mediated by cyclic nucleotides (67). It can be seen that the
immunological properties attributed to the thymus can be reconstituted
by the administration of the thymic extract thymosin, As of this date

the endocrinological effects of thymosin have not been studied,
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The basic coneept of the immune response can be applled to
cattle even though most work has been done on other mammalian models,
The first circulating lymphocytes appear at the 60th day of gestation
in cattle (72). Although the calf is hypogammaglobulinemic in utero
due to the lack of transplacental transfer of maternal immunoglobulins,
The bovine fetus is capable of producing antibodlies as early as the
164th day of gestation (83). Most calves surviving intrauterine
infection with bovine viral diarrhea virus (BVD) have been found to be
producing the specific immunoglobulin prior to birth (10,12). The rise
in concentration of 11 ﬁ-hydroxycorticosterold from th 20th day prior
to parturition in the fetal blood probably accounts for the depressed
T-cell response to mitotic stimulation (51). With this depression of
the neonatal calf's immune system, it is believed that the high
concentration of maternal immunoglobulins in colostrom enhances the
ability of these calves to resist infection (51). As the calf becomes
older the peripheral thymic lymphocytes become responsive to mitotic
stimulation with PHA (49),

During the study of the "weak calf" syndrome of western Montana,
it became apparent that the cell-mediated immunity of a large number of
afflicted calves was depressed. Many of those surviving the initial
delayed hypersensitivity reaction to protein derivative of tuberculin
or extracts of BCG (75,79). Serum immunoglobulin M and immunoglobulin G
concentrations of precolostral calves afflicted with the weak calf
syndrome and normal calves are not significantly different (34),
Although the etlological agent has not been identified, a viral agent

which will transform tissue cultures has been repeatedly isolated from
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infected kidney and salivary glands of afflicted calves (35,36).
Recently an experimental infection with a clinical isolate of bovine
adenovirus type 5 induced lesions closely resembling those seen in
naturally occurring weak calf syndrome (19,20), Upon necropsy of
aborted calves or those succumbing to the infection soon after birth,
the thymus gland was noted to be severely involuted or absent (53).
The glands, when present, weighed only one-tenth that of normal animals
of comparable age (79). Severe leukopenia with an average WBC of
1 x 103 WBC/mm3 was characteristically measured in comparison to

A WBC/mm3 counted 1n normal calves. The depression was only

2.2 x 10
transitory since a leukocytoslis was generally detected from about the

L4th day. A normal observation in these calves was thelr inability

or unwillingness to nurse, Therefore, death was frequently directly
attributed to dehydration. In past years only whole immune serum has
been helpful as supportive therapy. The calves appeared not to

respond directly to antiblotic therapy although the reduction of
secondary bacterial infectlons was probably a beneficial consequence,
Several calves given the whole immune serum lived for more than a year,
but these calves were runted and failed to gain any appreciable weight

or attain the size of normal animals in spite of being provided adequate
and ample feed., These calves could not elicit a delayed hypersensitivity
reaction even when injected with two doses of the Paris strain of BCG
grown in the laboratory and later challenged with BCG extracts, It

was surmised from the above data that although the calves were able

to survive with the therapeutic treatment used, their thymus gland

was severely affected by the initial in utero infection causing a
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depression in the cell-mediated immunity and possibly resulting in the

runting observed,

Statement of the problem

With the involvement of the thymus, these calves manifest a syndrome
that resembles very closely the "wasting" syndrome seen in mice
thymectomized neonately. Since this "wasting"” syndrome in mice has
been reversed by the administration of the thymic extract thymosin (42),
this study was undertaken to determine whether the administration of
thymosin to the "weak syndrome" calves could elicit similar responses.
The study, however, was limited to the in vitro effects of the thymic

extract of the T-cell population,



Chapter 2

MATERIALS AND METHODS

Processing of thymic extract

Thymosin was extracted from bovine thymus glands by a modifica-
tion of Goldstein and White's method (27). Frozen bovine thymus glands
were obtained from a local abattoir. The glands were cut into small
pleces and processed as follows:

1, Homogenize thymus glands in Waring blender with 0,85% NaCl.

2. Centrifuge the blended mlxture in 250 ml plastic centrifuge
bottles at 3,500 x G in a Universal centrifuge for 5 minutes at 4° C.

3. Remove the fluld and place 300 ml in a 500 ml glass flask. The
flask is then placed in an 80° C water bath for 15 minutes.

4, G@Gentrifuge the fluid at 3,500 x G in a Universal centrifuge for
5 minutes and remove the clear fluid.

5, Centrifuge the clear fluid at 16,000 rpm for one hour and retain
the supernatant and discard the precipitate.

6. Precipitate with acetone at -40 C., The clear supernatant is
added to 10 volumes of cold acetone with constant stirring. A
precipitate forms and coaleses following stirring for 5 minutes,

7. Place the precipitate in an evaporating dish overnight in the
cold room,

8. Resuspend the dried precipitate in 0,1 M phosphate buffer (pH 7.2)

by constant stirring for three hours. Centrifuge at 3,500 x G and

13
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save supernatant,

9. A second precipltation is accomplished with saturated ammonium
sulfate, (NH,),S0,. Add the (NH,),S0, to the supernatant until a
final concentration of 50% is attained. This precipitation is done
at ambient temperatures. Centrifuge the mixture and save the preci-
pitate,

10, Suspend the precipitate in distilled water and dialize over-
night agalnst two changes of distilled water,

11, Lyophllize the suspenslon., A fluffy white to whitish-brown
powder is obtalned with completion of the procedure.

Although chemical and physical analyses were not performed using
this material extracted from the thymus glands, the extract will be

referred to as "thymosin" throughout the text.

Administration of extracts

For injection into calves the lyophilized thymosin was suspended
in sterlle 0,1 M phosphate buffer or peanut oil. The extract was
sterilized by placing under an ultraviolet lamp for at least three
hours. The approprlate weights of thymic extract were suspended in
the diluent to give a final concentration of 100 ugm/ml or 25,000
ugm/ml, Bovine serum albumin (BSA) was suspended in 0,1 M phosphate
buffer to be used as a control. Dr. J. K, Ward, a Hamilton veterin-

arian administered the materials to all calves,

Collection of blood samples

Venous blood samples were collected by Dr. Ward from calves,
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Blood was collected prior to any injectlon to establish baseline
values and at selected intervals after the administratlion of test
naterials the calves were bled again. Preservative-free heparin in
concentration of 50 units/ml of blood was added at the time the blood
was drawn, The blood was kept at ambient temperature during trans-
portation, or for approximately four hours. White blood cell (WBC)
counts were done with a Coulter Counter (Model ZBI). At this time two
blood smears were made for differential WBC counts and serum was

collected for later analysis.

Blastogenesis cultures

Problems, which are explained later, in separation of peripheral
calf lymphocytes from erythrocytes required the use of whole peripheral
blood cultures (PBC) for blastogenesis studies (6,49),

The peripheral blood cultures were prepared in tissue culture
medium composed of RPMI 1640 (Difco), table 3, with 10% fetal calf
serum (Microbiological Associates) and 2% Hepes buffer (Difco).

A flow chart outlining the procedure is provided in figure 1.
Briefly, a velume of whole blood was suspended in 30 ml of tissue
culture medium to give a final concentration of 1 x 105 WBG/ml.

The medium suspension was mixed thoroughly to insure an equal distri-
bution of cells. Triplicate control samples of 1.0 ml each were
removed and placed into glass tissue culture tubes prior to the
addition of phytohemagglutinin-P (PHA-P), Next, the concentration of
PHA-P to be used was added to the stock suspension of blood culture;

triplicate samples of 1,0 ml each were placed in glass tissue culture
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Table 3 Preparation of medium and stock solutions

RPMI 1640
Triple distilled water..ececscceseesnsesssesse 1,0 liter
RPMI 1640 dry powder (Difco0).sseeesssccsssass 6.5 gn
Penlcillin Geisvvevesnecevencescesnsencnse,, s 1000 units
Streptomycin sulfate....coieeeseccesccsonessss 1000 pgm

NchoB...l......C.I........O......l....‘.l".. 1.5@

Fetal calf serum, inactivated at 56° C for
30 minutes (Microbiological Associates).... 100 ml

Hepes buffer, 1.0 molar (G1bco)eeseeesesevess 20 ml
The medium was fllter sterilized prior to the additlon of serum

and Hepes buffer, When all materlals had been added together,
the medium was stored at 4° C until used.

Tritiated thymidine stock solution

Thymidine, Methyl-JH, 1mCi, Specific activity
71.5 Ci/MOI-e (IcN)IQQCOIl.....il‘..l....l. 1 ml

RPMI 1640 with 10% fetal calf SeruM...ceeeeso 99 ml

Solution at concentration of lo_pCi/ml was stored at 4° C in a
serum bottle.,

Stock PHA-P solution
PHA-P (Difco)...................l"...."..'. 1m1
BPMI 1640 with 10% fetal calf SsertMevecesecss 9 ml

Solution stored in a calibrated dropper bottle (0.05 ml/drop)
at ‘700 c .
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Figure 1 Flow chart of procedures for preparation of blastogenesis
cultures from peripheral blood samples

Suspend enough periphergl blood in 30 ml of RPMI 1640 to give a final
concentration of 1 x 10° cells/ml.

—_— Withdraw triplicate 1-ml samples
for no PHA-P control cultures,

To 20 ml of original solution add 0.1 ml of stock PHA-P (100 pl/ml),
table 3, solution - final concentration of PHA-P is 0.5 yl/ml.

—- Withdraw triplicate 1-ml samples
for 0,5 nl/ml PHA-P cultures.

To 10 ml of the above solution add 0,05 ml of stock PHA-P solution -
final concentration of PHA-P is 1.0 ul/ml,

— Withdraw triplicate l1-ml samples
for 1,0 nl/ml PHA-P cultures,

To 5 ml of the above solution add 0,45 ml of stock PHA-P solution -
final concentration of PHA-P is 10 nl/ml.

Withdraw triplicate 1-ml samples for 10 ul/ml PHA-P cultures,

Incubate at 36° C and 5% COy for 72 hours before addition of 0.1 ml
of stock tritiated thymidine (10 nCi/ml) to each culture - final
concentration of tritiated thymidine is 1 uCi per culture.

'

Incubate at 36° and 5% CO, for an additional 24 hours before termina-
tion of incubation period by placing the cultures in a cold room at 4° C.
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tubes, The concentrations of 0.5 ul/ml, 1.0 ul/ml and 10 ul/ml of
PHA-P were used in the initial experiments, but when the 10 ul/ml
of PHA-P was found to inhibitory to the mitotic activity, this
concentration was abandoned. The cultures were incubated at 36° C
and in 5% CO, in a gas chamber. After incubatlon for 72 hours, the
tritiated thymidine (ICN) was added. A 0,1 ml volume of the stock
tritiated thymidine (specific activity 71.5 Ci/mmole) was added to
each culture tube, The mitotic activity was terminated 24 hours
after the addition of tritiated thymidine by placing the cultures
in a cold room at 4° C, The cultures Were then processed for counting

by liquid scintillation,

Processing of radioactive samples

When the blastogeneais samples were ready for counting, each suspen-
sion was processed following the procedure outlines in figure 2. The
technique used involved collecting the incorporated radiocactive
thymidine on a filter paper. The cells were collected on Whatman GF/C
filter paper. Red blood cells were lysed and all debris washed through
with cold 3% acetic acid, The cellular nucleic acids were precipitated
with 10% trichloracetic acid and the filter papers were dried in an
oven at 65° C prior to the addition of the scintillation fluor. The
waste fluid collected in the vacuum container was disposed in a
receptacle for radioactive liquid waste, After the filter papers
had dried, a volume of 10 ml of scintillation fluor was added to
each vial containing a single filter paper. The sample vials were

counted for ten minutes in a Nuclear Chicago Unilux III liquid
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Figure 2 Flow chart indicating processing procedures for tritiated
thymidine labeled lymphocytes from PHA stimulated
blastogenesis cultures

Pour contents of test tube into filtering well which contalns a damp
Whatman GF/C filter.

Rinse tube with 4 ml of cold (4° C) 3% acetic acid and pour contents
of tube into filtering well,

Turn on vacuum and suction contents of well through the filter.

\j
Release vacuum and add 1 ml of cold (4° C) 10% trichloroacetic acid
to the filtering well., Allow to stand for 30-40 seconds. Suction
contents of well through filter.

Wash the filter with 3 ml of cold phosphate buffered saline (pH 7.2).
Transfer filter to scimtillation vial,

Dry the filter within the vial at 65° C for 1-2 hours in an oven,

Add 10 ml of scintillation fluor (PPO:POPOP with a toluene reagent base)
to each vial and count the vials for 10 minutes in a liquid
scintillation counter,
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scintillation counter. The scintillation fluor was composed of 4 gm
PPO and 0,05 gm POPOP dissolved in 1 liter of reagent grade toluene,
The scintillation fluor was usually allowed to stand overnight to
insure that the reagents were dissolved and then the fluor was stored
in a dark brown bottle until used,

The results from the blastogeneslis cultures were reported in
counts per minute and are the average of triplicate cultures counted
twice, The stimulatory index (S.I.) and culture counts (C.C,) were
determined for each test sample., The S.,I., was calculated by dividing
the counts per minute for PHA-P stimulated cultures by the counts per
minute for nonstimulated control cultures, The C,C., were determined by
subtracting the nonstimulated culture counts per minute from the PHA-P
stimulated culture counts per minute.

Because the sample slzes were small and results were compared
between two groups of animals, statistical analysis of the data was
performed using the Mann-Whitney U test (69). Two groups of animals
were consldered to be significantly different if the probability

(p value) was equal to or less than 0.05,

Differential white blood cell counts

The slides prepared for differential WBC counts were stained by the
polychrome staining procedure as outlined in table 4, A total of
100 cells was counted and the cell types analyzed under oil immersion
to enable more accurate identification, The cell types identified were
segmented and Jjuvenlle neutrophilic granulocytes, eosinophilic granulo-

cytes, basophilic granulocytes, lymphocytes and monocytes (66),
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Table 4 Stalning procedure of blood smears prepared for differential

white blood cell counts

Dip blood-smear slide into absolute methanol for one second.
Dip slide into eosin stain for twenty seconds,

Wash slide in distilled water.

Dip slide into polychrome stain for twenty seconds.

Wash in distilled water and air dry.

Observe under oil immersion objective lens.
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The absolute number of lymphocytes per mm> of peripheral blood (AL/mm>)
was calculated when possible, This calculation was accomplished by
multiplying the WBC count by the percentage of lymphocytes for that

calf,

Washing of radloactive glassware

All glassware that came in contact with radiocactive substances was
decontaminated by soaking in 2% solution of Isoclean (Isolab) overnight.
The glassware was then rinsed three times in tap water prior to running
through standard laboratory washing procedures for tissue culture
glassware as follows:

1. Place in dilute acid (HC1l) bath overnight,
2. Rinse three times in tap water.

3. Rinse three times 1n distilled water.
L, Dry and sterilize in autoclave.



Chapter 3

RESULTS

Lymphocyte separation

Purified T-lymphocytes are desirable for measuring their capacity
to respond to mitotlic stimuli., Three methods of obtaining purified
lymphocytes were compared. The separation of human and bovine
peripheral blood was analyzed by the following: (a) ficoll-diatri-
zoate (9), (b) gelatin (87), and liquid silicone oil (37).

(a) Ficoll-diatrizoate (FD) - FD was prepared by dissolving

9.84 gm of sodium diatrizoate in 30 ml of distilled water

(pH 7.3). To this solution an additional 72 ml of distilled
water was added followed by 6,28 gm of Ficoll, The FD
(specific gravity 1.080) was then heat sterilized at 121° C
and 15 psi for 15 minutes. The sterile solution was stored in
a foil-covered container at 4° C. Prior to the separation
procedures, FD was warmed to ambient room temperature of 24° ¢,
Heparinized peripheral blood was diluted 1:2 with 0,85% saline,
and 10 ml was carefully layered over 5 ml of FD, The sample was
centrifuged with a swing head for 20 minutes with a force of
400 x G at ambient temperature, Lymphocytes of human blood
aggregated at the interface and were removed with a Pasteur
pipette. These cells were then washed three times with tissue

culture medium prior to suspension. However, in following the
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same protocol, the lymphocytes from bovine calf blood could not
be separated from the erythrocytes., After centrifuging bovine
calf blood, the lymphocytes remalned dlspersed throughout the FD
with the erythrocytes. Muscoplat et al., (49) reported that they
were able to separate adult bovine lymphocytes with FD at a specific
gravity of 1.080, Even by varying the specific gravity of FD
above and below 1,080 as well as the force applied to the interface,
the separation of calf lymphocytes still could not be attained,
The reasons for the discrepancies were not established.

(b) Gelatin - Ten ml of heparinized peripheral blood was
mixed with an equal volume of 3% gelatin dissolved in TC 199
medium, After standing at 37o C for one hour, human erythro-
cytes collected at the bottom of the test tube and leukocytes
remalined in suspension., However, the same results could not be
obtalned with bovine blood, which failed to separate even after
reducing the gelatin concentration to 2%, The erythrocytes
and leukocytes continued to remain in suspension,

(¢c) Liquid silicone - Heparinized bovine peripheral blood was
centrifuged at 2,500 rpm, and the buffy coat was removed along
with 2 to 3 ml of serum, A 0,5 ml volume of liquid silicone,
specific gravity of 1.075, (Diffusion pump oil grade) was first
placed in the bottom of a 1l-ml plastic centrifuge tube, A
portion (1 ml) of the leukocyte-rich buffy coat was then layered
carefully on top of the oil, After centrifugation at 2,500
rmp for 15 minutes, the leukocytes were dispersed in the diffusion

oil, and the erythrocytes were pelleted in the bottom of the



25
centrifuge tube., The leukocytes were removed with a Pasteur
pipette, washed free of silicone with medium and suspended in
RPMI 1640, This method accomplished the separation of peripheral
bovine leukocytes from erythrocytes, but the cost of liquid silicone

was prohibitive for the large number of samples anticipated.

Comparison of blastogenesls between whole and separated peripheral blood

In view of the problems involved in preparing preparations of
bovine lymphocytes, an alternative culture technique to measure blasto-
genlic activity of bovine lymphocytes in the presence of PHA was
desired. Therefore, the use of nonseparated peripheral blood was
attempted (6, 49). A comparison of the blastogenic response to PHA
of lymphocytes in cultures of whole human blood and of FD separated
peripheral lymphocytes was made,

Figure 3 shows the culture counts (C.C.), in log scale, for
nonseparated blood and FD separated cultures stimulated with PHA, The
C.C. for separated lymphocytes was approximately four times higher than
that of the whole blood. Because the concentration of leukocytes in
each group was maintained at 1 x 108 WBC/ml, the higher C.C. with d
separated blastogenesis cultures were not surprising since these
cultures contained a higher population of lymphocytes. The leukocyte
population of FD-treated blood is almost 95% lymphocytes (49) whereas,
the percentage of lymphocytes in normal peripheral human blood is
approximately one half the total leukocytes. This would suggest that
the C.C. shown using nonseparated whole blood in the blastogenic assays

was comparable to the C,C, obtained by using FD separated lymphocytes,
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Flgure 3 Bar graph roprosenting a
comparison between the culture
counts from blastogenesis cultures
of stimulated lymphocytes in ficoll-
dlatrizoated separated and whole
blood cultures,
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