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ABSTRACT 

Differentiation of chicken lymphocytes was accomplished by use of 

biological and computer scanning techniques. Heteroantisera were pre

pared against lymphocytes of the thymus and bursa and made specific by 

cross adsorptions. Eighty-seven to 90% of the cells from the bursa,, but 

only 3% of the thymic cells reacted with anti-bursa serum. Conversely, 

anti-thymus serum demonstrated that 95% of the cells of the thymus pos

sess surface antigens found in only 4 to 6% of the bursal cells. Cells 

found in all density fractions of BSA gradients reacted with anti-thymus 

serum, but the highest percentages were found in the more buoyant regions. 

Cells reacting with anti-bursa serum were restricted to the less dense 

fractions of the gradients. 

Determination of optimal acid hydrolysis time periods was done 

for bursa and thymus lymphocytes. The cells were stained by the Feulgen 

procedure for DNA, alkaline fast green for basic proteins and toluidine 

blue 0 for acidic proteins. Under optimal conditions, the histograms of 

optical density values demonstrated little difference in either cell type 

when stained by either the Feulgen procedure or by toluidine blue 0, but 

a difference was shown by the alkaline fast green method. Total optical 

density and relative nuclear area were found to be positively correlated 

in all three staining procedures. Bursal small lymphocytes were found to 

be larger than their thymic counterparts. The greatest variation in 

total optical density was found among bursal cells stained by toluidine 

blue 0. 

vii 
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Thymocytes killed by anti-thymus serum and complement had higher 

total optical density values. The relative nuclear area for these cells 

was equivalent to that of control cells. Total optical density and rela

tive nuclear area were not correlated in this killed population. It was 

thus deduced that a rearrangement of the deoxyribonucleoprotein complex 

had occurred during death of the cells, thus exposing more aldehydic 

groups which increased Feulgen positive DNA content of the cells. 

Thymocytes separated by BSA gradient centrifugation indicated 

that the small lymphocytes can be separated into at least three sub-

populations. These differences included buoyant density9 size and Feulgen 

stain development. The largest cells, found in the less dense regions of 

the gradient, did not have the highest total optical density. This 

finding may indicate that at least two lines of cell differentiation may 

exist in the thymus. Ninety-day old chicken thymocytes were a more homo

geneous small lymphocyte population than seven-day old chick thymocytes. 

An overall shift in cell size to smaller lymphocytes was noted with 

chick age. 



INTRODUCTION 

The avian thymus and bursa of Fabricius have been designated as 

central lymphoid organs (1) and are essential to the development of 

immune competence (2,3). The microenvironments of these two central 

lymphoid organs are essential to the differentiation of primordial 

lymphoid cells into functional lymphocytes (4). Lymphocytes that are 

derived from the thymus are called T cells and are responsible for func

tions of the immune response designated as cell mediated immunity (5,6). 

Lymphocytes that are derived from the bursa of Fabricius are called B 

cells and, independently, or in conjunction with T cells, function in 

the immunological limb called humoral immunity (6,7). 

The physical properties of lymphocytes have been shown to be 

heterogeneous as are their functional properties. Thus, T cells differ 

from B cells by function (5-7), by cell surface antigens (8-11), by 

electrophoretic mobility (12) and by buoyant density (13,14). Differ

ences of the two lymphocyte populations have also been demonstrated by 

microscopy both at the electronmicroscope level (15) and at the level of 

the light microscope by TICAS (Taxonomic Intracellular Analytic System) 

(16,17). 

TICAS is an automated, computerized system used for the acquisi

tion, evaluation, and storage of cell image data in digitized form (18). 

The system, which includes a scanning light microscope attached online to 

a computer, allows for high speed computation and determination in a 

quantitative and numerical form of parameters gathered from stained cells. 

1 
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The computed cell image properties may or may not be visually perceived. 

The parameters include nuclear size, total and average optical densities, 

and a variety of nuclear image descriptors, many which are derived from 

image topography or nuclear texture (19,20). Nuclear texture may include 

arrangement, dispersion, size distribution and shape of cellular particu

lates such as particles in the nucleus (18,20). These cell descriptors 

have allowed a differentiation between different types of normal cells 

(21,22), normal cells and malignant cells (23), cells stimulated with 

mitogens and drugs (21,22) and cells which are in different physiological 

states (21,22). Differentiation ofT cells and B cells by TICAS is now 

being vigorously pursued (16,17,24-26). 

Biological differentiation of the bursal lymphocyte population 

has indicated that a number of subpopulations may exist in this organ. 

Kincade and Cooper (27,28) have demonstrated that different classes of 

immunoglobulin are secreted by different bursal lymphocytes. Toivanen 

and coworkers (29-32) have shown two different cell types, one capable 

of restoring bursal morphology, but unable to correct immunoglobulin de

ficiency in agammaglobulinemic chicks, while the second type is able to 

restore antibody formation in immunoglobulin-deficient chicks, but is 

unable to restore organ morphology. Subgroups of bursal lymphocytes have 

also been demonstrated by immunofluorescent specificity. One of these 

groups has B cell specificity, a second subgroup has T cell specificity, 

and a third subgroup reacts with neither of these two antisera (33). 

Recently, a subgroup of bursal lymphocytes, unreactive with either anti

thymus or anti-bursa, were shown to become T cells in the presence of a 

thymic factor (34). 
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Morphologically, the thymic lymphocyte population is a more homo

geneous population than is the bursal lymphocyte population. Subpopula

tions, however, have been demonstrated. The thymus has T cells (35,36) 

and their progenitors (4,35). Functional subpopulations have been de

scribed using concanavalin A and phytohemagglutinin as probes for sub-

populations (36,37). Thymic lymphocytes capable of graft versus host 

reactions are restricted to the more dense regions of bovine serum al

bumin (BSA) gradients (38), while responders to phytohemagglutinin and 

pokeweed mitogen, or cells capable of mediating a response against 

Brucella abortus, a T-independent antigen, are found in the less dense 

regions (38). The thymic medulla has plasma cells and germinal centers 

(39,40). Thymic cells capable of plaque formation have been demonstrated 

in response to intravenous or intrathymic injection of human red blood 

cells (41-45). Droege, Malchow and Strominger (46,47) have shown two 

subpopulations that have different electrophoretic mobilities; the slow 

mobility fraction was absent in bursectomized and irradiated animals. In 

situ traffic of radioactive-labelled bursa cells into the thymus has also 

been demonstrated (48-51) and use of anti-bursa serum and indirect immuno

fluorescence have shown that from 7 to 10% of cells in the thymus carry 

B cell antigens (33,52). Thus, in addition to functional subgroups of 

thymus-derived cells, the thymus also contains bursa-derived cells. 

Antisera prepared against either T cells or B cells have been 

used to differentiate the two cell types. The two cell subpopulations 

possess different cell surface antigens. Murine T lymphocytes possess 

the theta (9,10) and the Ly (8) antigens. Conversely, B lymphocytes 

possess abundant immunoglobulin determinant sites on their surface, but 
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immunoglobulin determinant sites on T lymphocytes have been difficult to 

demonstrate (11). 

Preparation of specific antisera against chick thymocytes and 

against chick bursal lymphocytes was first demonstrated by Forget et al. 

(53). Specificity of the two antisera was demonstrated by the immune 

adherence reaction. Subsequently, McArthur, Chapman and Thorbecke (54) 

demonstrated specificity of anti-thymus and anti-bursa sera, produced in 

rabbits9 by use of the cytotoxic assay. These workers further demon

strated that the antisera could be used to block functional activity of 

B and T cells selectively. Others have shown that anti-bursa serum in

hibits hemolytic plaque formation (55), whereas, antisera with specific

ity for T cells inhibit graft versus host reactions (56,57) and partly 

impair the phytohemagglutinin response of cultured lymphocytes (58). In 

vivo, anti-bursa serum successfully suppressed the spontaneous autoimmune 

thyroiditis in the obese strain of chickens (59) and inhibited the pri

mary, but not the secondary response to sheep red blood cells in normal 

chickens (60). Immunofluorescent studies with specific antisera have 

demonstrated organ and age distribution of lymphocytes (33), have dif

ferentiated T and B cells in Marek's disease lymphoma in an attempt to 

determine the affected cell type (61) and demonstrated that anti-thymus 

and anti-bursa sera react with different populations of blood lymphocytes 

(52). 

Maturation studies have indicated that the immature, less differ

entiated cells are larger than the more mature cells. House thymocytes, 

for example, change from large to small during their maturation (62). 

Parallel studies with chickens have also shown reduction in thymocyte 
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size during maturation, although chick thymocytes are considerably 

smaller than mouse thymocytes (63). Peterson and Good (64) found that 

thymocytes mature earlier than bursal cells, thymocytes maturing for the 

most part before hatch. The maturation of bursal lymphocytes begins 

later, is slower, and continues beyond hatch. Clawson, Cooper and Good 

(65) found, by electronmicroscopy, that the bursal cell diameter of young 

chicks varied from 4 to 8 ~ and the thymocyte diameter ranged from 3.5 

to 4.0 ~· These investigators also noted that the smallest lymphocytes 

of the bursa were not larger than the small lymphocytes of the thymus. 

Olson, Wied and Bartels (66) using TICAS also found that the relative 

nuclear area of cells from both anatomic sites decreased with maturation, 

but that the thymic small lymphocyte nuclear area is slightly larger 

than the nuclear area of the bursal small lymphocyte. Total optical 

density of stained cells 'vas also shown to be higher for the thymic small 

lymphocytes than the bursal small lymphocytes in the seven-day old chick. 

These investigators also found the T cell nucleus to be larger than the B 

cell nucleus of lymphocytes recovered from the thorasic duct and from the 

blood of the mouse (16,17). 

Differentiation of lymphocytes by computer is based on stained 

cell preparations. A very useful parameter in lymphocyte differentiation 

has been the difference in distribution of stained nuclear particles. 

The chromatin of the cell nucleus, for example, exists in two states: 

either as a diffuse structure, called heterochromatin, or as a condensed, 

packed structure, called euchromatin. Heterochromatin stains more in

tensely than does euchromatin and this difference in stain intensity can 

be demonstrated by the Feulgen procedure. The staining reaction involves 
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the depurinization of DNA in acid, forming aldehydes which later react 

with Schiff's reagent (fuchsin-sulfurous acid) to form a purple dye. 

There is evidence that the reaction is stoichiometric (67). 

Varying the experimental conditions in the Feulgen procedure has 

demonstrated differences in stain development. Acid hydrolysis has been 

conducted in either IN HC1 at 60° C or in 5N HC1 at room temperature. 

EliaSj, Conkling and Maker (68) concluded that acid hydrolysis in 5N HCl 

at room temperature was better than IN HCl at 60° C. This conclusion was 

based upon tritiated thymidine retention as well as dye binding capacity 

of the cells. Deitch, Wagner and Richart (69) demonstrated appreciable 

differences in Feulgen hydrolysis curves depending on the type of fixa

tive, the origin of the tissue and the time at which the cells were 

stained after collection. Bohm and Sandritter (70) using IN HCl at 60° C 

demonstrated that the hydrolysis time period considerably influenced the 

stain development in normal or tumor cells and suggested that the two 

types of DNA exist which differ in sensitivity to acid hydrolysis. Rasch 

and Rasch (71) using 5N HCl at room temperature confirmed the finding of 

Bohm and Sandritter that the two types of DNA exist and that each has a 

different rate of reactivity or stainability after hydrolysis in strong 

mineral acids. 

Histones, basic proteins rich in lysine and arginine, are inti

mately associated with DNA (72). These proteins can be stained with 

alkaline fast green at pH 8.1 as was first described by Alfert and 

Geschwind (73). The staining procedure does not distinguish between 

arginine-rich and lysine-rich histone, but depends only on the net posi

tive charge of the protein molecule (74,75). The staining reaction, 
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which depends on removal of DNA by acid hydrolysis, has been shown to be 

temperature, time, and tissue dependent (75-77). 

Variability in staining of histones with alkaline fast green has 

been observed in numerous studies. Certain preparations of cells, that 

is, those found in the processes of gametogenesis, fertilization and 

development, do not stain with alkaline fast green (77). Bone marrow 

cells stain only after maturation has progressed to the mylocyte stage 

(78). In spermatogenesis, however, the more primitive, less differen

tiated spermatids have a higher staining capacity than do the more mature 

spermatozoa (79). Antigen-stimulated lymphocytes (80-82) and lymphocytes 

stimulated with phytohemagglutinin (83,84) have higher staining densities 

than do control lymphocytes. Artifically enlarged lymphocytes also 

stain to greater densities with alkaline fast green, for example, flat

tened nuclei (85) and lymphocytes incubated in hypotonic solution prior 

to staining (86,87). Differences in histone staining has been explained 

by [a] changes in the number and kind of the cationic binding sites on 

the histone molecules (77), [b] the masking of histone protein by other 

organic groups or compounds (77,88), and [c] by methylation, acetylation, 

and phosphorylation of the histone molecules (89,90) which may take 

place during physiological changes. 

Nuclear acidic (nonhistone) proteins can be demonstrated by 

staining cells with toluidine blue 0 at pH 9.0. The staining reaction 

is thought to be specific (91). Evidence for the specificity of this 

reaction has come from several studies (91,92). Human leukemic cells 

that were stained by toluidine blue 0 showed different nuclear distribu

tion of stained material than did cells stained by either the Feulgen 
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procedure or by alkaline fast green (92). Removal of DNA with 5% TCA 

followed by removal of nuclear histones with HCl also did not alter the 

staining intensity of lymphocytes stained with toluidine blue 0. 

Staining of acidic proteins with toluidine blue 0 is believed to 

involve the carboxyl groups of acidic proteins (91s93). The ionized dye 

is prevented from reacting with the basic proteins because basic proteins 

have a high isoelectric point and because protonated basic groups lie in 

close proximity to the ionized carboxyls at pH 9.0 (92s93). 

This study was undertaken to further differentiate chicken lynpho-

cytes by TICAS and by biological procedures. These techniques were used 

to [a] differentiate small lymphocytes of the bursa of Fabricius from 

small lymphocytes of the thymus, [b] to separate thymic lymphocytes into 

subpopulations by physical and biological procedures and to obtain com

putable image properties capable of differentiating these cells by TICAS, 

and [c] to determine whether thymocytes from seven-day old chicks differ 

from thymocytes of ninety-day old chickens. 



MATERIALS AND METHODS 

Animals 

Outbred White Leghorn chicks were obtained from The University of 

Arizona experimental poultry farm two to three days after hatch. Chicks 

were housed in the Department of Microbiology animal facility and fed 

water and starter feed _ad libitum. Experiments were conducted with 

seven-day old chicks or ninety-day old chickens. Ninety-day old chickens 

were maintained on "game bird developer" (Arizona Feeds, Tucson, Arizona) 

containing not less than 20% crude protein. 

Preparation of Reagents 

Antisera against bursa or thymic cells were elicited in rabbits 

by inoculation of single cell suspensions obtained from these two organs. 

The bursae and thymi of five to seven-day old chicks were collected and 

pooled according to source in cold Hanks' balanced salt solution (HBSS), 

pH 7.2. Single cell suspensions were made by first removing excess tis

sue, then cutting across the organ several times and finally passing the 

cut organ across a wire screen. The single cells were washed three times 

in HBSS in a graduated centrifuge tube. One-tenth ml of packed cells was 

suspended in 0.1 ml HBSS and emulsified in an equal volume of Freund's 

incomplete adjuvant. Rabbits were immunized by inoculating 0.05 ml of 

the emulsion into the two rear footpads and the remaining 0.1 ml into the 

peritoneal cavity. Two weeks later the rabbits were injected intravenous^ 

9 



10 

with 0.1 ml of packed cells suspended in HBSS. Eight days later the rab

bits were bled by cardiac puncture. 

Antisera, normal rabbit serum and guinea .Pig complement were 

adsorbed to remove toxicity and grant immunological specificity. Cells 

used for adsorptions were collected from five to seven-day old chicks 

that were killed either by decapitation or by exsanguination. All re

agents were adsorbed with washed chick red blood cells. To confer 

lymphocyte specificity, antisera, in 0.1 ml samples, were cross-adsorbed 

with 0.2 ml packed bursal cells or thymocytes at 4° C for 30 minutes with 

periodic mixing. The antisera were recovered by centrifugation at 1300 X 

g in a refrigerated centrifuge and readsorbed as described above until 

the antisera were made specific. Specificity of the antisera was judged 

by cytotoxic titration and by immunofluorescence as described below. 

Normal rabbit serum, guinea pig complement, and co~~ercial goat anti

rabbit IgG conjugated with fluorescein isothiocyanate (Nutritional Bio

chemical Corporation) were each adsorbed by mixing 2 ml of serum with a 

mixture of spleen cells, thymocytes and bursal cells (0.2 ml packed 

cells of each) for 30 minutes. All adsorbed reagents were stored at 

-60° C in 0.1 ml samples until needed. Reagents once thawed for use 

were discarded if not used. 

Procedures Used to Test the Purity of the Reagents 

Reagents were tested for purity by the cytotoxic assay and by 

indirect immunofluorescence technique. After removal of excess tissue, 

single cell suspensions of either thymus or bursa were made in tissue 

culture medium 199 (TC 199), containing 10% fetal calf serum (FCS), by 



gentle passage of the cut organ across a wire screen. Large aggregates 

were allowed to settle and the single cells from the supernatants were 

removed and washed 3 times in the same medium. 

11 

Rabbit anti-bursa and rabbit anti-thymus sera were titered for 

cytoxicity by the method described by McArthur et al. (54) and modified 

by Zimple, Stark and Thiele (94). Antisera, either adsorbed or not ad

sorbed were heat inactivated by incubation for 30 minutes in a 56° C 

water bath. Assay of the antisera for cytotoxicity was done by first 

incubating 1 X 106 thymus or bursal cells with 0.05 ml diluted antiserum 

in a total volume of 0.5 m1 for 30 minutes at 4° C with periodic mixing. 

Subsequently, 0.05 m1 of adsorbed guinea pig complement was added and 

further incubation was conducted for 40 minutes in a 37° C water bath. 

Control tests were done in which anti-thymus or anti-bursa were replaced 

by adsorbed normal rabbit serum that had been diluted 1/5. Viability 

and total cell counts before and after cytotoxic testing were assessed 

by the trypan blue exclusion test and a Neubaur hemocytometer (95). 

Immunofluorescence was done on viable cells by the indirect 

method as described by Hudson and Roitt (52), but with slight modifica

tion. Lymphocytes collected from the thymus and the bursa were washed 

3 times in TC 199 containing 5% FCS. All sera were adsorbed as described 

above, heat inactivated in a 56° C water bath and diluted appropriately 

prior to use. One million cells were suspended in 0.1 ml antiserum for 

2 hours at 4° C with periodic mixing. The cells were washed 3 times in 

TC 199 containing 5% FCS, resuspended in 0.1 m1 of a 1/5 dilution of 

adsorbed commercial goat anti-rabbit IgG conjugated with fluorescein 

isothiocyanate and incubated for one hour at 4° C with periodic mixing. 
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The cells were then washed 3 additional times with TC 199 containing 5% 

FCS and resuspended in 2 drops of 70% glycerol-30% gylcine buffer, pH 8.6. 

A drop of cells was placed on a slide and covered with a cover slip and 

observed in a Leitz Orthomat fluorescence microscope. 

Procedure Used to Obtain Cells for Analysis 

Thymus and bursal lymphocytes were used in all scanning studies. 

The organs were collected in cold TC 199 containing 5% FCS. Single cell 

suspensions were prepared as described above. Viability of the cells, as 

judged by trypan blue exclusion, was always better than 85% prior to the 

making of the slide preparations, unless otherwise stated. In one exper

iment, thymocytes were separated by density on discontinuous BSA (Pentex, 

fraction V, Miles Laboratories) gradients. 

Separation of thymocytes on BSA gradients was as follows: BSA 

was dissolved in HBSS, pH 7.2, to an albumin concentration of 33% (v/v) 

and was used as stock solution to make the other concentrations. The 

gradients were made in 10 X 100 em Sorvall pyrex tubes. One ml each of 

33, 26, 20 and 10% solutions of BSA were successively layered into the 

tube and a top layer of 0.2 m1 of TC 199 containing 5% FCS with 3 X 10 7 

cells was added. The discontinuous gradients were centrifuged for 30 

minutes at 20,000 X g at 8° C in a Sorvall RC2-B centrifuge with an HB4 

swinging bucket rotor. After centrifugation, the cells from the inter

faces were removed with a Pasteur pipette, transferred to labelled tubes 

and washed 2 times with TC 199 containing 5% FCS. 

Cell preparations for scanning were made on microscope slides by 

rapid drying with an air fan. Cells were always suspended in TC 199 
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containing 5% FCS prior to slide preparation. Cells to be scanned were 

fixed in either 10% neutral buffered formalin or in 9:1 (v/v) methanol-

glacial acetic acid (66,96). 

Procedures Used to Stain Cells 

Feulgen Procedure 

The Feulgen procedure was done as previously described (66). 

Cells were fixed in 9:1 (v/v) methanol-glacial acetic acid for 15 minutes 

and air dried. Hydration was accomplished by passing the slide prepara

tions successively through 95, 70, 50, 30% methanol to distilled water, 

one minute in each solution. The cells were hydrolyzed in 5N HCl at room 

temperature, rinsed in IN HCl for 1 minute, transferred to Schiff's 

reagent for 2 hours and bleached in three successive changes of 5% 

sulfurous acid, 2 minutes each. After a 10 minute water wash, the cells 

were dehydrated through 30, 50, 70 and 95% methanol for 1 minute each 

and then air dried. 

Nuclear Basic Proteins 

Staining of the basic proteins was done in alkaline fast green 

prepared in 0.01% Tris buffer at pH 8.1 as described by Alfert and Gesch-

wind (73). After fixation in neutral buffered formalin for 1 hour, the 

cells were washed in three changes of distilled water, 5 minutes each, 

and hydrolyzed in 5% trichloroacetic acid (TCA) in a boiling water bath 

(73). The cells were transferred to cold 5% TCA for 5 minutes, then to 

distilled water for 5 minutes and finally to absolute methanol for 3 

minutes and air dried. The cells were stained for 30 minutes in buffered, 



0.1% alkaline fast green, FCF (C. I. No. 42053), at pH 8.1 + 0.03, washed 

for 3 minutes in 0.01% Tris buffer, pH 8.1, transferred to absolute 

methanol for 3 minutes and air dried. The pH was adjusted with 0.1N 

NaOH and read with a Brinkman pH 102 digital pH meter. 

Nuclear Acidic Proteins 

The procedure of Smetana and Busch (91) was followed to stain the 

nuclear acidic proteins. Cells fixed in neutral buffered formalin for 

1 hour and washed in three 5 minute distilled water washes, were hydro

lyzed in 5% TCA in a boiling water bath (73). The cells were transferred 

to cold 5% TCA for 5 minutes, then to distilled water for 5 minutes and 

finally to absolute methanol for 3 minutes and air dried. Staining of 

cells was done for 5 minutes in 0.5% toluidine blue 0 (C. I. No. 52040) 

at pH 9.0 + 0.03, and differentiated in two 1 minute changes of 0.01% 

Tris buffer, pH 9.0 + 0.03 and fast dried. The pH was adjusted with 0.1N 

NaOH. 

Determination of Optimum Hydrolysis Conditions for 
Nuclear Staining of Chick Lymphocytes 

Feulgen Procedure 

This experiment was done as a separate study in conjunction with 

others (97). Briefly, thymocytes and bursal lymphocytes from four 7-day 

old chicks were used to determine the best hydrolysis time period. Air 

dried cell preparations, fixed in 9:1 (v/v) methanol-glacial acetic acid, 

were hydrolyzed in 5N HCl for varying time periods and stained by the 

Feulgen procedure as described above. Twenty small lymphocytes from each 

organ were scanned and analyzed. 
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Alkaline Fast Green and Toluidine Blue 0 

Lymphocytes from four 7-day old chicks were tested separately. 

Air dried preparations of single cell suspensions of the thymus or of 

the bursa were made so that the two cell types from the same chick were 

on different areas of the same slide, thus assuring identical staining 

conditions. After fixation in neutral buffered formalin for 1 hour, and 

three 5 minute washes in distilled water, the cells were hydrolyzed in 

5% TCA in a boiling water bath. At appropriate time intervals, slides 

were transferred to cold 5% TCA for 5 minutes, then to distilled water 

for 5 minutes and finally to absolute methanol for 3 minutes and air 

dried. Cells were stained in either alkaline fast green or toluidine 

blue 0 as described above. Ten cells from each organ for each hydrolysis 

time period were scanned and analyzed. 

Differences in total optical density among the different cells 

hydrolyzed for different time periods were tested by analysis of variance. 

A mixed model factorial design was used in the analysis. The different 

chicks were considered as random samples; cell type and hydrolysis time 

periods were considered as fixed levels. 

Procedure for Scanning the Cells 

Measurement of cells was done with a Zeiss S~~ scanning micro-

spectrophotometer operated on-line to a PDP 12 computer, using a measuring 

2 spot size of 0.5 by 0.5 ~ • The scanning range of the microspectropho-

tometer is 180 optical density units, ranging from 0.01 to 1.80 optical 

density units. Digitized cell images were stored on LINC tapes, then 



edited by the TICAS 8 program (21), and analyzed directly on the PDP 12 

computer operating under OS 12 FORTRAN or with the PDP 11/45 computer. 
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One hundred cells from each preparation, unless otherwise stated, 

were scanned and evaluated. Analysis included evaluation of total opti

cal density, average optical density, relative nuclear area, histograms 

of optical densities for each cell preparation and the correlations of 

these parameters. Relative nuclear area in this study is a measurement 

of chromatin in a cell image having greater than 0.02 optical density 

values. 

Small lymphocytes that were morphologically intact in each prep

aration were visually selected and only these cells were scanned. Cells 

stained by the Feulgen procedure were scanned at a wavelength of 560 nm, 

cells stained by alkaline fast green were scanned at 600 nm and cells 

stained with toluidine blue 0 were scanned at 570 nm. 



RESULTS 

Specificity of Antisera 

Cytotoxic Technique 

Normal rabbit serum and antisera prepared against bursal cells or 

against thymocytes were tested by cytotoxic assay in the presence of ad

sorbed guinea pig complement that was diluted 1:5. Total cell counts 

before and after testing revealed that cells were not lost by lysis. Un-

adsorbed normal rabbit serum was cytotoxic to both lymphocyte populations 

up to a dilution of 1 to 20. Adsorbed, undiluted normal rabbit serum 

was not cytotoxic to either lymphocyte population. 

Percent cytotoxicity of antisera against the two lymphocyte popu

lations is shown in Figure 1. Bars represent percent killed cells ex

clusive of background killed cells. Anti-bursa serum (Figure 1A), if not 

adsorbed, is completely cytotoxic to both types of lymphocytes at an 

antiserum dilution of 1 to 1000. After adsorption with thymocytes, cyto

toxicity against bursal cells was reduced, from 100% cells killed in un-

adsorbed antiserum to 90% cell death at dilutions of 1:10, 1:50, and 

1:100. With further dilution, the antiserum lost cytotoxicity. Cyto

toxicity of anti-bursa serum against thymocytes was reduced from 100% 

killed cells in unadsorbed antiserum at a dilution of 1:1000 to 10% 

killed cells at a dilution of 1:10 and 3% killed cells at a dilution of 

1:200 in adsorbed antiserum. Thus, adsorption of this antiserum demon

strated differential cytotoxicity against the two lymphocyte populations. 
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Anti-thymocyte serum was adsorbed with bursal cells, but because 

of its higher potency,, this antiserum required two additional adsorptions 

to render it monospecific than did the anti-bursa serum. Unadsorbed 

anti-thymocyte serum was completely cytotoxic to both cell types at a 

dilution of 1:2000 (Figure IB). Adsorption of this antiserum substan

tially reduced toxicity against bursal cells, but not against thymoctyes, 

reducing bursal cell death from 100% at a Is2000 dilution in unadsorbed 

antiserum to 4% at dilutions of 1:100 and 1:200 in adsorbed antiserum. 

Thymocyte death was 95% at antiserum dilutions of 1:00 through 1:200. 

Thus, this antiserum also demonstrated differential cytotoxicity against 

the two lymphocyte populations. 

Immunofluorescence Technique 

Specificity of adsorbed anti-bursa serum was also demonstrated 

by indirect immunofluorescence (Figure 2). At an antiserum dilution of 

1:10 (Figure 2A), the adsorbed anti-bursa serum stains 93% of bursal 

cells which gradually diminishes to 88% at antiserum dilutions of 1:100 

and 1:200. Approximately 29% of the thymocytes stained with this anti

serum at a 1:10 dilution, but only 3% were fluorescent at dilutions of 

1:100 and 1:200. Henceforth, this antiserum was used to detect bursal 

cells and bursa-derived cells at a standard dilution of 1:100. 

Adsorbed anti-thymus serum was not specific at a dilution of 1:10 

(Figure 2B), in which case 95% thymocytes and 85% bursal cells were 

stained. Differential staining became significant at a dilution of 1:50 

and was very pronounced at dilutions of 1:100 and 1:200. At these dilu

tions, the antiserum stained 95% of the thymocytes, but only 5 to 6% of 
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the bursal cells. Consequently, this antiserum was used at a standard 

dilution of 1:100 in subsequent experiments to detect thymocytes and 

thymus-derived lymphocytes. 

Optimum Hydrolysis Conditions for Nuclear 
Staining of Chick Lymphocytes 

Feulgen Procedure 

Determination of optimum acid hydrolysis of chick lymphocytes 

for staining by the Feulgen procedure was done in a separate study in 

conjunction with others (97). In this experiment, it was found that 

hydrolysis in 5N HCl for 40 minutes at room temperature gave optimum 

staining of cells that had been fixed in methanol-glacial acetic acid, 

9:1 (v/v). A typical hydrolysis curve was found under these conditions 

demonstrating a rapid initial increase in nuclear staining for the first 

40 minutes, followed by a short plateau and a subsequent fast decline in 

total optical density. Total optical density was found to be greater for 

thymocytes than for bursal cells. 

In all subsequent experiments involving the Feulgen procedure, 

cells were hydrolyzed in 5N HCl for 40 minutes at room temperature. 

Alkaline Fast Green 

Differences in total optical density among the different cells 

that were stained after hydrolysis in 5% TCA for different time periods 

are shown in Table 1. Highly significant differences were found among 

chicks (alpha = 0.001), among hydrolysis time periods (alpha = 0.001) and 

between cell types (alpha = 0.010). Differences among chicks were found 

at hydrolysis time periods of less than 15 minutes. Significant 



Table 1. Analysis of variance of total optical density values of thymic and bursal lymphocytes 
stained by alkaline fast green. 

Source of variation Sum of squares 
Degrees of 
freedom 

Mean squares F value Alpha 

45,913,066.240 399 
1,192,974.748 3 397,658.249 10.239 0.001 
20,580,496.115 4 5,145,124.029 33.995 0.001 
5,811,233.423 1 5,811,233.423 41.391 0.010 
1,816,201.965 12 151,350.164 3.897 0.001 
421,195.868 3 140,398.623 3.615 0.025 
376,458.115 4 94,114.529 0.651 nse 

1,734,079.445 12 144,506.620 3.721 0.001 
13,980,431.563 360 38,834.530 

Total 
Chicks3 

Timeb 

Cell typeC 

Chicks X time 
Chicks X cell type3 

Time X cell type 
Chick X time X cell1 

Error term 

a. Significance testing was done against the error term. 
b. Significance testing was done against the chick-time interaction term. 
c. Significance testing was done against the chick-cell type interaction term. 
d. Significance testing was done against the chick-cell type-time interaction term. 
e. Not significant. 
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interaction was also found between chicks and time (alpha= 0.001), 

between chicks and cell type (alpha = 0.025) and among chicks, cell type 

and time (alpha= 0.001). Interaction between time and cell type was 

found to be insignificant. 

Figure 3 shows the differences in staining that exist among the 

different hydrolysis time periods. A slow rise in total optical density 

is seen in the first part of the curve reaching a maximum total optical 

density at 15 minutes followed by a plateau with little if any decline 

over the next 25 minutes. The mean total optical density at all time 

periods is higher for bursal small cells than for thymic small lympho

cytes. There are significant differences between the two cell types in 

the first part of the curve, but the 95% confidence limits overlap after 

15 minutes of hydrolysis. 

In all subsequent experiments 15 minutes of hydrolysis is 5% TCA 

was used to prepare cells for staining with alkaline fast green. 

Toluidine Blue 0 

Differences among the cells stained by toluidine blue 0 after hy

drolysis in 5% TCA for different time periods are shmm in Table 2. A 

highly significant difference in hydrolysis time periods was found (alpha= 

0,001). Significant differences were not seen between cell types, but 

differences were found among chicks (alpha= 0.001) and in the interaction 

terms between chicks and time (alpha= 0.001), between chicks and cell 

type (alpha 0.001) and among chicks, time and cell type (alpha= 0.001). 

Differences among chicks were found at hydrolysis time periods of less than 

15 min. There was no difference in the interaction term cell type and time. 
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Table 2. Analysis of variance of total optical density values of thymic and bursal lymphocytes 
stained by the toluidine blue 0 procedure. 

Source of variation Sum of squares 
Degrees of 
freedom 

Mean squares F value Alpha 

159,858,915.408 399 
19,995,158.308 3 6,665,052.769 92.689 0.001 

100,244,750.065 4 25,061,187.516 10.418 0.001 
2,051,053.623 1 2,051,053.623 3.774 nse 

28,865,877.255 12 2,405.489.771 33.453 0.001 
1,630,290.487 3 543,430.162 7.557 0.001 
2,822,306.365 4 705,576.591 1.941 nse 

4,362,671.225 12 363,555.935 5.056 0.001 
25,886,808.080 360 71,907.800 

Total 
Chicks3 

Time 
Cell typec 

Chicks X time 
Chicks X cell tyPf3 

Time X cell type 
Chick X time X cell' 
Error term 

a. Significance testing was done against the error term. 
b. Significance testing was done against the chick-•time interaction term. 
c. Significance testing was done against the chick-•cell type interaction term. 
d. Significance testing was done against the chick-•cell type-time interaction term. 
d. Not significant. 
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Figure 4 shows the differences in total optical density found for 

different hydrolysis time periods. The hydrolysis curve shows a steady 

decline in stain intensity so that at 40 minutes of hydrolysis there was 

little staining of cells. No difference was found in the two lymphocyte 

populations at any hydrolysis time period. 

No Feulgen positive DNA was detected in cells that were hydrolyzed 

for more than 15 minutes. This indicates that DNA was completely ex

tracted by 15 minutes of hydrolysis in TCA and all nuclear staining by 

toluidine blue 0 was directed against the acidic proteins. Therefore, 

staining of chick lymphocytes with toluidine blue 0 was subsequently 

done after cells had been hydrolyzed for 15 minutes in 5% TCA. 

Comparison of Small Lymphocytes of the Thymus and of the 
Bursa of Fabricius by Three Staining Procedures 

Lymphocytes of the thymus and of the bursa of Fabricius from 7-

day old chicks were compared after staining of the cells by either the 

Feulgen procedure for DNA, alkaline fast green for basic proteins, or 

toluidine blue 0 for acidic proteins. Immunofluorescent staining of 

cells from the two cell populations with anti-thymus serum showed 96% of 

the thymocytes to be positive, but only 7% of the bursal cell stained 

with this antiserum (Table 3). Anti-bursa serum stained 88% of the bursd. 

cells and 5% of the thymocytes. Thus, there was little cross contamina

tion of lymphocytes in these two populations. 

The visual selection of small thymocytes for scanning was done 

rather easily as this population was found to be quite homogeneous in 

nuclear area. On the other hand, the size distribution of lymphocytes 

from the bursa was quite heterogeneous, ranging from small to large cells 
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Table 3. Immunofluorescent staining of thymocytes and bursal lympho
cytes with adsorbed anti-thymus and anti-bursa sera. 

„ - - Percentage of cells staining with 
Cell source a 

Anti-thymus Anti-bursa 

Thymus 

Bursa 

96 

7 

5 

S8 
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with no clear separation among small cells, medium-sized cells and large 

cells. Thus, visual selection of small lymphocytes from the bursa based 

on size was rather difficult. 

The histograms of optical density values are presented in Figure 

5. Little difference is seen between small lymphocytes from the thymus 

and the bursa in cells stained by either the Feulgen procedure or by the 

toluidine blue 0 method, or among thymocytes stained by any of the three 

procedures. A striking differences however, is seen for cells that were 

stained by alkaline fast green. The histogram for bursal small lympho

cytes extends beyond the highest optical density values for small thymo

cytes, indicating that the bursal cells contain alkaline fast green 

staining granules not found in small thymocytes. This observation was 

confirmed by visual inspection. Thus, a close association between DNA 

and basic proteins was seen in small thymocytes, but this relationship 

was not seen for bursal small lymphocytes. 

Visual observation with the light microscope of small lymphocytes 

stained by toluidine blue 0 demonstrated a difference in cell staining 

than that seen in cells that were stained by either the Feulgen procedure 

or by alkaline fast green. The nuclear material was stained coarsely 

granular with one to two darker staining bodies commonly seen (nucleoli 

rich in acid insoluble proteins). Peripheral staining of the nucleus was 

also seen showing the protein nature of the nuclear membrane, but cyto

plasmic staining was rarely seen in the small lymphocytes. 

Mean relative nuclear areas of the lymphocytes are shown in 

Table 4. Small thymocytes that were stained by the Feulgen procedure, 

alkaline fast green or by toluidine blue 0 had mean relative nuclear 
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Table 4. Global parameters of small lymphocytes of the thymus and of the bursa stained by 
Feulgen for DNA, alkaline fast green for basic proteins and toluidine blue 0 for 
acidic proteins. 

Thymocytes Bursal cells 

Relative Total Average Relative Total Average 
nuclear optical optical nuclear optical optical 
area density density area density density 

Mean 36 1655 46. 19 41 *1815 44. 52 

SDb 
3. ,94 127.9 4. ,48 3. ,86 128. 6 3. ,86 

Feulgen SE 0. ,39 12.8 0. ,45 0. 39 12. 4 0. ,39 

CVd 
10. ,94 7.73 9. ,70 9. ,41 7. 08 8. ,67 

a 
r 0.494 0.497 

Mean 24 1007 41. ,69 27 1379 51. ,74 
Alkaline SDb 

2. ,42 97.7 3. ,41 2. ,36 184. 1 4. ,66 
fast SE 0. ,24 9.8 0. .34 0. .24 18. 4 0. ,47 
green CVd 

10. .08 9.71 8. .18 8. .74 13. 35 9. .01 
u 

r 0.657 0.742 

Mean 32 1026 32, .14 35 1044 29, .62 

Toluidine SDb 
3, .55 249.1 6, .25 5, .71 281. 1 6, .49 

blue 0 
SE 0, . 36 24.9 0. . 63 0, .57 28. 1 0, .65 

blue 0 
CTd 11, ,09 24.3 19, .46 16, .31 26. 92 21, .91 
r 0.640 0.616 

a. Standard deviation 
b. Standard error 
c. Coefficient of variation 
d. Correlation coefficient between total optical density and relative nuclear area 
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areas of 36, 24, and 32, respectively, while bursal small lymphocytes 

had mean relative nuclear areas of 21, 27, and 35, respectively, for the 

three staining procedures. The differences seen in relative nuclear area 

is a result of the different staining procedures used. In all cases, how

ever, the mean relative nuclear area of bursal small lymphocytes was 

significantly larger than the mean relative nuclear area of the small 

thymocytes when the two cell types were stained by the same procedure. 

Total optical density is seen to be greater for larger cells than 

smaller cells (Table 4). Correlation between relative nuclear area and 

total optical density is minimal in Feulgen stained cells (r = 0.494 for 

small thymocytes and r = 0.497 for bursal small lymphocytes), but moderate 

for cells that were stained by either alkaline fast green (r = 0.657 for 

small thymocytes and r = 0.742 for bursal small lymphocytes) or cells 

stained by the toluidine blue 0 procedure (r = 0.640 for small thymocytes 

and r = 0.616 for bursal small lymphocytes). 

The coefficients of variation for relative nuclear area (Table 4) 

of small thymocytes that were stained by the Feulgen procedure, alkaline 

fast green or toluidine blue 0 was 10.94%, 10.08%, and 11.09%, respec

tively, while the coefficient of variation for relative nuclear area of 

bursal small lymphocytes was 9.42%, 8.74%, and 16.31%, respectively, for 

the three staining procedures. On the other hand, the coefficients of 

variation for optical density was minimal for cells that were stained by 

Feulgen (7.73% for small thymocytes and 7.08% for bursal small lympho

cytes) and cells stained by alkaline fast green (9.71% for small thymo

cytes and 13.35% for bursal small lymphocytes), but was large for cells 

stained by the toluidine blue 0 method (24.27% for small thymocytes and 
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26.92% for bursal small lymphocytes). The variation in total optical 

density may be an indication of the stability of the staining reaction or 

of the great heterogeneity of cells found within the cell populations 

analyzed. 

Physically Altered Small Thymocytes 

To determine whether dead cells could be differentiated from live 

cells, thymocytes were exposed to anti-thymocyte serum and complement 

prior to slide preparation. The trypan blue exlcusion test revealed that 

100% of these cells were killed. 

Killed lymphycytes have a histogram of optical density values 

(Figure 6) that extends to 1.5 optical density units, while the histogram 

of the control cells extends to 1.2 optical density units. The extended 

histogram of the killed cells indicates that the killed cells have darker 

staining nuclear granules than do the control cells. Differences in 

nuclear staining in the two populations, however, could not be detected 

by the human eye and the aid of the light microscope. 

The total optical density in these two populations was signifi

cantly different (Figure 6B). The mean total optical density for the 

killed cells is 2058 arbituary units, whereas, the mean for the control 

cells is 1655 arbituary units. The two populations, however, show no 

difference in relative nuclear area (Figure 6B). The mean relative 

nuclear area for the killed cells is 35 optical density points and the 

mean relative nuclear area for the control cells is 36 optical density 

points. Thus, the increase in total optical density is not due to 
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differences in area, but may be attributed to an increase in stainable 

material found in the nucleus. 

A bivariate plot between total optical density and relative 

nuclear area for the two cell populations is displayed in Figure 7. 

The bivariate means, 95% confidence regions, 50% equal probability den

sity ellipses for both samples are shown. No correlation of total opti

cal density with relative nuclear area is seen in the killed lymphocytes 

(r = 0.174) and correlation between these two parameters is minimal for 

the control cells (r = 0.495). The bivariate means for killed cells and 

live cells are (35, 2061)C and (36, 1655)respectively. Significant 

differences in these two populations is demonstrated by the 95% confi

dence regions. 

Thymocytes Separated on a BSA Gradient 

Thymocytes from a 7-day old chick and from a 90-day old chicken 

were separated on discontinuous BSA gradients. Table 5 shows data of the 

cells recovered from each gradient to which 3 X lO'7 cells were applied. 

In both cases, 86 to 87% of the cells were recovered. Cell viability 

was highest in the 20/26% BSA interfaces and in the 26/33% BSA inter

faces. Virility in these fractions was at least 98%. Viability in the 

pellet ranged from 30 to 34%. 

Cells from the 7-day old chick were distributed in near equal num

bers among three parts of the gradient (34.6% in the 20/26% BSA inter

face, 32.6% in the 26/33% BSA interface and 28.1% in the pellet), unlike 

cells separated from the 90-day old chicken which were mostly found in 

the 26/33% BSA interface and in the pellet (16.8% in the 20/26% BSA 
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Table 5. Cell recovery, viability and immunofluorescent staining of 
7-day old and 90-day old chick thymocytes separated on a 
bovine serum albumin (BSA) gradient. 

7-day chick 

P +- Cell Percentage staining with 
Fraction aiT6*1 Number 

Ve (X 10 ) Anti-thymus Anti-bursa 

NSa 82 96 5 
10/20 84 1.2 98 10 
20/26 98 9.0 100 2 
26/33 100 8.5 100 0 
Pellet 30 7.3 100 0 

90-day chick 

P t- Cell • Percentage staining with 
Fraction ai^611 Number 

ve (X 10 ) Anti-thymus Anti-bursa 

NSa 80 - 94 7 
10/20 90 1.2 95 12 
20/26 100 4.4 100 0 
26/33 98 12.5 100 0 
Pellet 34 8.0 100 0 

a. Not separated. 
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interface, 47.9% in the 26/33% BSA interface and 30.6% in the pellet). 

Thus, the percentage of dense cells was higher in the older chicken than 

in the 7-day old chick. 

Thymocytes that stained with anti-thymus serum were found in all 

gradient fractions (Table 5), but the highest percentage of reacting 

cells were found in the higher BSA density regions. One hundred percent 

lymphocytes from both birds were positive in the fractions that came 

from the pellets. Cells reacting with anti-bursa serum were found in the 

less dense regions of the gradients (10 and 12% positive cells in the 

10/29% BSA interfaces for 7 and 90-day old animals, respectively), indi

cating that bursa-derived lymphocytes are of a less dense nature in the 

thymus than are the other thymic cells. 

Small thymocytes were distributed throughout the gradient frac

tions, as seen in cell preparations stained by Wright's method but a 

higher number of small cells were found in the 26/33% BSA interface. 

Very few cells found in the 10/20% BSA interfaces were small, thus cells 

from these fractions were not analyzed by computer. For computer analy

sis, slide preparations of the separated cells were made stained by the 

Feulgen procedure and analyzed. 

Data of separated 7-day old chick small thymocytes are presented 

in Figure 8. Figure 8A shows the histogram frequency distributions of 

optical densities and Figure 8B shows the total optical densities and 

mean relative nuclear areas. The letter A in the graph corresponds to 

the unseparated cells, B to cells found in the 20/26% BSA interface, C 

to cells collected from the 26/33% interface and D to cells found in the 

pellet. 
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gradient and stained by the Feulgen procedure. 
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D = pellet. 



40 

Among the separated fractions, it is observed that the histograms 

of optical density values become more extended as the subpopulation mean 

nuclear area decreases. Thus, thymocyte subpopulations having mean rela

tive nuclear areas of 55, 48„ and 39 have histogram optical density values 

that extend to the 0.9, 1.1, and 1.3 optical density intervals, respec

tively, for these populations. 

This set of cells also shows that the larger cells do not have 

the highest total optical density. This finding is opposed to the data 

presented earlier in unseparated cell populations in which total optical 

density was found to be correlated to nuclear area. The total optical 

density for fractions B, C, and D are 2025, 2124, and 1840, respectivelyv 

and the mean relative nuclear areas are 55, 48» and 39 optical density 

points for these same subpopulations. The differences found in total 

optical density or in mean relative nuclear area among the subpopulations 

are significant at the 95% confidence interval. Thus, higher optical 

density without a corresponding higher area is a result of either a 

difference in DNA content or a difference in DNA distribution in the 

nucleus in which case DNA may be more accessible to staining after acid 

hydrolysis. 

Data of 90-day old chick thymocytes separated by density are 

shown in Figure 9. The letter E corresponds to the unseparated cells, 

F to cells found in the 20/26% BSA interface, G to cells collected from 

the 26/33% BSA interface and H to cells found in the pellet. 

Figure 9A shows the normalized histogram distribution of optical 

densities of the different cell fractions. Figure 9B shows the total 

optical densities and mean relative nuclear areas for these same cell 
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Figure 9. Global data of 90-day old chick thymocytes separated on a BSA 
gradient and stained by the Feulgen procedure. 

E = unseparated, F = 20/26% BSA fraction, G = 26/33% BSA fraction, 
H = pellet. 



fractions. Again, frequency of occurrence of higher optical density 

values in the normalized histogram is seen to be more extended as the 

mean relative nuclear area for the subpopulation decreases. The largest 

cells (F) have a mean relative nuclear area of 47 and a histogram that 

extends to the 1.1 optical density interval. Cells from fractions G and 

H have mean relative nuclear areas of 44 and 40, respectively. The 

histograms of these two cell subpopulations extend to the 1.2 and 1.4 

optical density intervals. 

The trend of total optical density and mean relative nuclear area 

is also seen for 90-day old chicken thymocytes as is seen for the 7-day 

old chick. The larger cells again do not have the highest total optical 

density values. Cells found in fractions F, G, and H have total optical 

density values of 2005„ 2057, and 1819 arbitrary unitss respectively, and 

mean relative nuclear areas of 47, 44, and 40. The 95% confidence limits 

of mean relative nuclear areas or of total optical density values do not 

overlap in the separated cell fractions. Again the mean relative nuclear 

area and total optical density are not correlated strito sensu and 

stainability must be a result of either differences in DNA content in 

these cells or in exposure of DNA moieties which stain with Schiff's 

reagent after acid hydrolysis. 

Figure 10 is a bivariate plot of total optical density versus 

mean relative nuclear area for the separated cells. Figure 10A shows 

the 95% confidence ellipses for the three separated fractions of the 7-

day old chick and the 50% equal probability density ellipses. There is 

no overlap in the 95% confidence region suggesting that the three frac

tions are different subpopulations. There is also little overlap in the 
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50% equal probability ellipses for fractions B and C. Opposed to this 

clear separation of lymphocytes in the 7-day old chick, the separated 

lymphocytes of the 90-day old chicken were more confined. There was no 

overlap in the 95% confidence regions, but extensive overlap in the 50% 

equal probability ellipses, indicating that the 90-day old chicken 

lymphocyte population is a more homogeneous population, both in area 

and in stainable DNA. 



DISCUSSION 

Heteroantisera directed against either bursa or thymic lympho

cytes can easily be prepared and made specific by cross adsorptions. 

These antisera, as shown by both cytotoxic assay and immunofluorescence, 

demonstrated that 87 to 90% of the cells in the bursa of 7-day old chicks 

carry antigens that are found in only 3% of the cells of the thymus. 

Similarly, antisera prepared against thymocytes, demonstrated that 95% 

of the thymic cells carry antigens that are shared by only 4 to 6% of the 

bursal cells. This finding is consistent with published results on 

lymphocyte distribution in the two respective organs (33,52,54). 

~~asurements of Feulgen stain in cells are usually performed 

after a hydrolysis time period that gives maximum stain development. At 

this maximum the amount of dye bound is thought to be proportional to the 

amount cl DNA found in the nucleus (67). The optimum for the Feulgen 

procedure, however, originates from both the apurinization and depoly

merization of DNA (71). Development of stain intensity in chick lympho

cytes that were hydrolyzed at room temperature reached a maximum at 40 

minutes, then a plateau was seen for a short time period, followed by 

a final decline in stain intensity. 

Staining of proteins by alkaline fast green at pH 8.1 is depen

dent on the net positive charge of the protein molecules and is not 

strictly dir~cted toward the histones (74,75). Development of stain 

intensity requires the prior removal of DNA (98). Variation in stain 

development within cell populations has been attributed to either 
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incomplete removal of DNA, whereby reactive moieties of basic proteins 

are hidden, or to prolonged extraction, whereby basic proteins are lost 

into the extraction fluid (76,99). In the present study optimum stain 

intensity developed in cells that had been hydrolyzed for 15 minutes, 

but no decline in total optical density was seen in cells that had been 

hydrolyzed for periods up to 40 minutes. 

Toluidine blue 0 staining of nuclei demonstrated a difference in 

the nuclear material than that seen in cells stained by either the Fuelgen 

procedure or by alkaline fast green after 15 minutes of hydrolysis. The 

stained material appeared coarsely granular with comparatively denser 

stained nucleoli as has been previously described (91,92). This staining 

procedure is believed to be specific for the acidic proteins of cells 

after DNA has been removed (91,92). Cowden and Curtis (100) have sug

gested that staining with toluidine blue at a pH 9.0 may demonstrate a 

class of proteins designated by biochemists as "residual chromsomal 

proteins," These proteins constitute only a very small fraction of the 

total mass of chromatin. 

The normalized histograms of the frequency of occurrence of op

tical density values in stained cell preparations reflects the distribu

tion of stained particles and may be used to differentiate cell popula

tions (18). In this study, only alkaline fast green demonstrated a dif

ference between bursal and thymic small lymphocytes. Bursal small 

lymphocytes were shown to have an extended histogram (Figure 5) when 

stained by alkaline fast green, unlike the histograms seen of Feulgen 

stained small lymphocytes of either the thymus or the bursa. Others 

have indicated that the alkaline fast green staining reaction follows the 



same distribution in appearance as cells stained for DNA by the Feulgen 

procedure (72,92). The difference in the bursal histograms was unexpected 

and may have resulted from the fixation procedures used in the two 

staining procedures. It is well known that acetic acid, used in the 

Feulgen procedure, tends to swell cells, while formalin will mildly 

shrink cells (101). 

Bursal small lymphocytes have been shown by other methods to be 

larger than thymic small lymphocytes (63-65) as is shown in the present 

study. Olson et al. (66) have also demonstrated that the nuclear area of 

the bursal small lymphocyte is larger than the thymic small lymphocyte at 

different time periods prior to hatch. At seven days after hatch, the 

nuclear area of the small lymphocytes of the thymus are slightly larger 

than those of the bursa (66,97,102). However, the bursal lymphocyte 

population at this early age is difficult to categorize in terms of size 

differences (63,64). Thus, the discrepancy in nuclear size in the 7-day 

old chick may have resulted from differences in the selection .of bursal 

small lymphocytes by the different investigators. 

In both quantitative and qualitative studies of stained cells, 

it has been shown that increases in dye uptake may be influenced by area, 

nuclear protein content and structure of the deoxyribonucleoprotein 

complex even in cells that have the same DNA content (16,17,24,24-26, 

79,87,103,104), For example, Mayall (103) observed a relationship be

tween cell flattening and stain content for human leukocytes, and Garcia 

(85-87) related the stain content of both human and rabbit leukocytes 

to nuclear area. The amount of heterochromatin, that is, the degree of 
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condensation of the chromatin, is associated with the amount of dye up

take and may also reflect the functional state of the nucleus (79,104). 

In the present study, thymocytes were killed by anti-thymus serum 

and complement. Under these experimental conditions, complement is used 

as a cytotoxic agent. When in the presence of antibodies to cell surface 

antigens on nucleated cells, complement, through a series of complex 

events promotes a cytotoxic reaction, wherein cell death occurs without 

cytolysis (95). The sequence of reactions results in lesions on the 

plasma membrane of the target cells which allows diffusion of trypan blue 

across the nuclear membrane (95). 

Higher total optical density values were found in killed thymo

cytes than in control cells, although the two cell populations were of 

the same size. The reason for higher total optical density values in 

killed cells is not known, but may result from a rearrangement of chroma

tin or from a breakdown of the deoxyribonucleoprotein complex. It is well 

known that the deoxyribonucleoprotein complex plays an important but un

known role in staining by the Feulgen procedure (79,104). 

Fractionation of thymocytes by BSA gradients does not result in 

true homogeneous cell populations of different sizes. Small lymphocytes 

are found in different densities, but are found in higher numbers in the 

more dense regions. 

Higher percentages of thymocytes that reacted with anti-thymus 

serum were found in the higher density regions, while thymocytes that 

reacted with anti-bursa serum were found exclusively in the less dense 

regions. Functionally, thymocytes active in graft-versus-host activity 

in chicks are restricted to the more dense regions of BSA gradients, 
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while thymocytes active in antibody production are found in the less 

dense regions (38). Thus, the small lymphocytes that were analyzed by 

computer were not B cells. 

Morphologically, three different subpopulations of small thymo

cytes were found in the 7-day old chick thymus as shown by size, total 

optical density, and cell density distribution. The largest of the small 

lymphocytes, however, were found to have lower total optical density 

values than the intermediate sized small lymphocytes, but higher values 

than the small lymphocytes found in the BSA pellet. A similar distribu

tion of small thymocyte subpopulations was also found in the 90-day old 

chicken thymus, but the size distribution had clearly shifted from the 

larger cells to the intermediate sized lymphocytes. Although the dif

ferences in the cell populations were significant, the differences were 

much less pronounced than those observed in the 7-day old chick thymocytes . 

The differences in total optical density values among the thymo

cyte subpopulations has several implications. (1.) The differences in 

total optical density indicates that the three subpopulations may have 

different distributions of heterochromatin, thus different dye uptake. 

It is thought that heterochromatin is repressed and euchromatin, or dif

fuse DNA, is derepressed (79,104). Thus the three subpopulations may ex

press different genomic activity or functional activity. Numerous re

ports have demonstrated functional subpopulations of lymphocytes in the 

thymus (37,105-114). In the mouse, for example, cortical thymocytes have 

both the thymus-leukemia and the theta antigen on their surface (110) and 

are also sensitive to cortisone (111). As maturation progresses, these 

cells lose their sensitivity to cortisone as well as their thymus-leukemia 



antigen and some theta antigen (36,105). At the same time new antigens 

are acquired making the cells responsive to PHA (36,108). These cells 

have also acquired graft-versus-host competence (106,107), provide killer 

function (105,108), provide helper activity in humoral immune response 

reactions (107), and are active in mixed lymphocyte reactions (105,109). 

These cells are found in the dense regions of BSA gradients. Experimental 

verification that cells of different density and size have different 

biological function is needed, however. 

(2.) The large sized and the intermediate sized small lymphocytes 

may have different lines of origin. Morphological differentiation of 

cells in the thymus has indicated that a progressive decrease in cell size 

>takes place in the thymus as maturation progresses (62-64,66). These 

studies, however, have dealt with the entire thymus population. Cell frac

tionation studies by Droege, Zuclcer and Jauker and Droege, Zucker and Han-

nig (112,113) have demonstrated three subpopulations in the thymus of both 

the chicken and the mouse by size, density, and electrophoretic mobility. 

Because distinct cell types were found at different ages, these investi

gators suggested that several lines exist for thymocyte differentiation. 

Shortman and Jackson (114) also strongly suggested several lines of 

thymocyte differentiation once stem cells entered the thymus. In the 

present study, the largest of the small lymphocytes did not have the 

largest total optical density. Maturation studies have demonstrated that 

the immature, less differentiated cells are larger than the more mature 

cells (79,104). Concomitant with a decrease in cell size there is a 

progressive compaction of the chromatin material which has been correlated 

to dye binding (79,104). Thus the predecessor of the intermediate sized 
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small lymphocyte should be a cell that would have a higher total optical 

density value. 

(3.) The differences in total optical density may have resulted 

from exposure to different concentrations of BSA. Higher total optical 

density values have been observed in experimentally altered leukocytes. 

Mayall (103), for example, observed a relationship between cell flattening 

and stain content for human leukocytes. Garcia (86,87) also found higher 

total optical density values in hypotonically treated blood leukocytes. 

In the present study, the control, unseparated cells are smaller in size 

than the BSA separated cells, even though the separated cells were 

thoroughly washed prior to slide preparation. BSA somehow causes an un

explained enlargement of the cells. However, the fact still remains 

that the larger of the small lymphocytes did not have the highest total 

optical density. 

(4.) Finally, the difference in total optical density of the 

separated subpopulations may have resulted from errors, such as those • 

inherent in slide preparation or the artificial separation of call types 

by the TICAS program. 
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